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I. I NTRODUCTION 
BACKGROUND 
On February 10 , 1992, strat egic goals for t he Department 
o f the Navy (DON) were signed by the Secretary of the Navy, 
the Ch i ef o f Nav al Operations, and the Commandan t of the 
Mar i ne Corps. Th is was the first document of its k ind and 
it said, i n effect, that the entire organiza tion (DON) would 
f ocus o n Qua l ity as it plots 1 ts course for the future. The 
Guiding Principles fur ther state that "We (DON ) have 
adopted the t e rm To ta l Quali ty Leadership (TQL) as the 
g eneral term by whi ch we will pursue total quality efforts 
The s t ated purpos e o f the f o regoing document was t o f i rmly 
set DON on a cours e of tota l quality (TQ). By adopting TQL, 
DON made the cOJ:lJ:litment t o continuous impr ovement o f i ts 
systems and processes. One of its most i mportant systems is 
th a t of the manageme n t control. 
The Government Performance and Results Act of 1993 
( Public Law 103-62j manda t es reinventing governme nt for the 
state d ob j ectives of ; improving public confidenc e in 
g overnment , supportin g ma nagement i mpro vement and 
innova t i o n, f ocusing oversight and strengthen ing 
accoun tabi l i ty, ada p t ing s uccessful models of other 
governments , and providi ng management f l exi bility in 
exchange for accountabi Uty. It is emphat ically cle a r t hat 
the mission for all government agencies, particularly 
Military, is to transform their management control systems. 
Although management control might conjure up notions of 
financial accounting, that is not in thc purview of this 
thesis topic. Our purpose is not to suggest changes to the 
organization's financial accounting system. Financial 
accounting, as defined by Stickney, concerns the preparation 
of reports for use by persons outside the organization 
(stickney, 1991, p. 23). These financial reports have been 
standardized in generally accepted accounting principles 
established by the Financial Accounting standards Board 
(FASB) and the Securities and Exchange Commission (SEC). 
Hence, financial accounting reports can only be changed by 
either of these two ru l e-making bodies. 
The term "management control system" or "MCS" is used in 
this thesis to describe the system used by managers to 
control a process or processes to obtain a desired outcome, 
or in other words, optimization of the system. To achieve 
optimization, all systems must be managed, and large systems 
such as the military are more difficult to manage. The 
Ii terature has shown that many management control systems 
have produced sub-optimal results even though managers and 
workers are putting forth their best effort. This sub-
optir:tization results from a lack of a theory of management 
for optimization, or lack of knowledge (walton, 1991, p. 9) 
The aim of this thesis is to increase knowledge of 
man age ment control systems as they apply to TO focused 
o rgani zat i o ns. 
The Depart men t of the Na vy's approach to tot al quality 
manag e ment sys t ems has been evolving for over a decade. 
Although, t remend ous strides have been made a t the highest 
levels within DON, r es i s tanc e reTIains at the lower levels 
(Suare z, 199 ), p. 1) . This resistance is fos t e red by a lack 
of k nowledge a nd understanding of tho philosophy of total 
qual i ty management. 
Be c ause of bud get sho r t falls and other eve r increasing 
d emands on r esour ces, most managers are feeling ove rwhelmed 
by routi n e and c ris i s management requireTIents. EdUcation 
a n d train ing r equired for t he transforTIation to total 
qu a l i ty management i s o f t en relegated to a "back burner." 
Be caus e of t h ese constra l n t s, government managers are in 
need of an easily understood blue p rint or model for making 
the transfo r mat ion mandated in the Government Performance 
and Res u lts Act . The a im o f this thesis is to do just that. 
Model ing both types of management control systems and 
compa r i ng both model s to an actual total quali t y management 
contr ol s y stem wil l provide managers with a useful t ool for 
gra spi ng the fund amental c on cepts of the t ota l qual i ty 
management phi los oph y and tot a l quality TIanagement control 
systems. 
Ho pe ful l y , this thes is will provide an impetus f or 
st imulat i ng d i s cuss i on and learning on the applicab ility of 
Total Quality Management Control Systems (TQMeS) at all 
levels of management within DON, the Department of Defense 
(DOD), and other Government Agencies. 
B. OBJECTIVES 
The objective of this thesis is to provide Department of 
the Navy and other concerned government managers a concise 
and compact reference for comparing traditional and total 
quality models of management control systems and making 
judgements for their use in pursuit of their vision, guiding 
principles, and strategic goals. It explores the 
differences that exist in how traditional management control 
systems and total quality management control systems achieve 
their management objectives. The primary research 
objectives are to (1) compare a theoretical model of a 
traditional management control system with a theoretical 
model of a total quality management control system; and (2) 
conduct a case study of an actual management control system 
in a corporation that has successfully adopted, or is in the 
process of adopting, the philosophy of total quality 
management. Additionally, the mental models behind both 
systems are compared, and the identifiable differences in 
both management control systems are analyzed. 
C. RESEARCH QUESTIONS 
The following spec ific research questions a re addr ess ed 
i n this the s is: 
Wha t are the commonly held mental models t hat for!:l 
t he f o u ndations o f both types of Management Control 
systems ? 
What is a To tal Quality Managemen t Contro l System? 
What ar e the simi l ari t ies and d i fference s between the 
Tradi t ional and To ta l Quali ty Management Cont rol 
Systems ? 
DEFINIT IONS 
Di ffe r ent words ha vc different !:leanings, or schema, for 
d if fere nt peopl e . There fore, the followi n g defi nitions 
appl y to th i s thesis and are included to ensure clari ty of 
mea n i ng f or the reader. 
1.. Management 
Management as defined by Webster is the art, act, or 
ma nner o f ma naging , handl ing, controlling, or directing. In 
this t hesis , managemen t is used in context of leading and 
l o ng-term planning. 
2 . Contro l 
Webster's definition of Control, as checking or 
ve r ifying b y c o mparison with a dup licate register, is used 
in t hi s context for this t hesi s . 
Creators 
We bster def ines a creator as someone who c reates 
th ing s . Used i n t he context of this thes i s, creators a re 
the individuals i n a n organ i zation who are charged with the 
respons i bility for producing a product or service. Creators 
may produce a product or service alone or they may produce 
their prod uct or service as part of a team. 
4. CUlture 
The American Heritage Dictionary def i nes culture as 
the totality of socially transmitted behavior patterns, 
arts, beliefs, institutions, and a ll other products of human 
work and thought. In essence, the sum of all the patterns, 
traits, expressions, and products of an organization are the 
culture of that organization. Culture also implies 
enlightenment attained through close association with and 
appreciation for the highest level of civilization. 
"Culture is then properly described not as having its origin 
in curiosity, but as having its origin in the love of 
perfection" (Matthew Arnold, 1869). Culture also gives the 
organization its capacity, or taste, for recognizing and 
apprecia ting what is fitting, proper, or moral l y right, its 
va l ues. "These questions of taste, of feeling, of 
inheritance, need no settlement. Everyone carries his own 
inch-rule of taste" (Henry B. Adams, 1918). 
5. Vision 
As defined by Webster, a vision is a mental image 
produced by the imagination. In the context of this thesis, 
vision will convey the meaning of an orgllnization's 
p i cture of where it wants to be at some point in the future; 
five, ten, or even one hundred years from now. 
6. Value 
Webste r def ines a value as a principle, sta ndard , 
quali ty considered worthwhile or desirable . Every 
o r g a ni zat i on has va lues, some are explici t and some are 
hidden. Val ues determ i ne how an organiza t i o n will pursue 
its v ision and mis s ion. 
7 . Mission 
Mi ss ion, in the American Heritage Dictionary, is 
de fined as t he business wi th wh i ch a body of person s is 
c harged. El ements contribut ing to the mission of a n 
o rganization wi ll always be measu rabl e , h ow many flight 
hours f l own e tc. 
8. St rategy 
\'.'ebster def i nes s trategy as "the science of planning 
and directing large-s ca le military operations or a ski ll in 
manag i ng and plann ing ." In the context o f this thesis, 
s trate gy is a long- t erm plan of action congruent with 
vision , mission , and wi th in the va lues of an organization. 
For e xample, a company 's dec ision t o produce one h i gh 
quali ty produc t line verses producing many products at the 
low e n d o f t he quali t y scale is an example of a strategic 
dec ision . 
9 . Mental Hode 1 s 
"Mental mode l s ar e deeply ingrained assumptions, 
g e ne ralizations , or eve n p i c tures or images that influence 
how we u nde rstand the world and how we take act ion . " {Senge , 
1990, p. 8) For example, two people looking at a picture of 
the sun on the earth's horizon might have very different 
mental models of that picture. One may see it as a sunrise 
and the other may see it as a sunset. People and 
organizations are often not aware of these mental models and 
how they effect what they chose to do. 
10. Management Control 
"Management control" is simply the process by which 
managers ensure that the organization achieves its goals and 
strategies effectively and efficiently (Anthony, 1992, p. 
3). 
Management contro l systems encompass two rna jor 
processes; management and control. Whi le management can be 
illustrated as the process of selecting which way to go, 
control is the process by which the organization ensures 
that it follows the intended path. Therefore, management 
and control are not identical, they are two separate 
concepts. 
These major processes, management and control, 
encompass several sub-processes: 
Developing a vision and a set of values 
Long-term, strategic planning 
Short-term planning 
ASSigning authority and responsibility to individuals 
and groups in the organization 
Deciding what to measure to assure that organization is 
moving in the right direction 
Deciding how to measure it ( c ontrol) 
Setting standards to compare the measurements to 
creating incentives to steer the organization's members 
on the desired track 
As F igure 1 illustrates, every organization has 
constra i nts , values, and s tra tegies which create an explicit 
or i mplicit path that it follows towards ach i eving its 
v is ion. Values create a fairly permanent outer boundary. 
However, the boundaries on t he inner path are h i gh ly 
flexible . organizations use management control to navigate 
a long t his c hanging path . Of course organizations differ i n 
thei r vision, va l ues, strateg ies and goals, and therefore in 
the wa y they manage t hemselves. 
Figure 1 . organizations pursue t heir vis ion within the 
cons traints of Val ues and Strategy (Long-term Planning ) . 
E. SCOPE OF THESIS 
This thesis focuses on the concept of management control 
and compares the differences that exist between traditional 
and tota l quality management control systems. 
The foundation of the thesis is a 16 month concentrated 
study of the preponderance of li terature on both the 
traditional and total quality management control systems. 
The analysis of military management control and the 
applicability of total quality managcment control systems to 
the military is based on the cumu lative 48 years of both 
authors' military experience, which involved varying degrees 
of leadersh ip roles. 
The thesis also contains information gained from a case 
study of a leading manufacturer of premium quality medical 
diagnostic equipment that is transforming itself to a total 
quality organization. The case study is limited to the 
Systems Manufacturing Department of this organization; 
however, the boundaries which separate ACUSON Systems 
Manufacturing from the rest of the corporation are not 
always clear. Most of the interviewees belong to systems 
manufacturing, though, some did belong to other departments 
as well. The interviewees were selected by management. 
Information from a previous survey commissioned by ACUSON 
and conducted by an outside consulting firm was also used. 
10 
F. ASSUMPl'IONS AND LIMITATIONS 
1. AssUJIptions 
In o rder to complete this thesis study , it was 
necessary to make the f ollowing assumptions: 
The informatio n gained from our inte rv iews was not 
biased by manag e ment's selection of t he i nterviewees 
The a u thors' knowl e dge of Military Management Contro l 
Systems , p r ima ril y at the mid and lower levels of 
management, i s cogent 
The previou s survey commissioned by ACUSON was 
conducted c orrectly and that the data it contained was 
accurate a nd unbiased 
Management control systems are universal and are 
appl icable to any industry of processes 
2. Lilll i tations 
This t he s is was limited by the foll owing factors: 
Interviewees f or the case study were chosen by ACUSON 
nanagement. 
Accura cy of the s urvey previously commissioned by 
AClJSON 
Limited in f ormation available on TQMCS . The 
literat ure availabl e o n the subject of total quality 
contained v ery l itt l e on management control systems. 
G. THESIS ORGANI ZATION 
The content and o rganization of this thesis are 
summarized as f ol lows: 
Chapte r II provides an overview of the methodology for 
thi s thesis . It di scusses the methods used for the 
literature review, model development, comparative analysis, 
and the case study. 
Chapter III descri bes a model of a traditional 
management contro l system. It discusses the commonly held 
me ntal model s and characteri zes the processes whereby 
traditional managers control the organization for the 
obtainment ot goals and objectives. 
Chapter IV describes the fundamentals ot total quality 
management control systems . 
Chapter V describes the Canon Production System (CPS) 
model for a TQHCS . It discusses Canon's commonly held 
mental models and characterizes the processes whereby Canon 
management controls the organization for thc obtainment of 
its goals and objectives . 
Chapter VI describes the GOAL/QPC approach to a TQMCS. 
It discusses the GOAL/QPC approach's commonly held mental 
models and characterizes the processes whcreby GOAL/QPC 
would have management control the organization for the 
obtainment of its goals and objectives. 
Chapter VII identifies the common elements of a total 
qual i ty management control system. 
Chapter VIII is a comparison of traditional and total 
quali ty management control systems. 
Chapter IX is a case study of ACUSON'S Systems 
Manufacturing (ASH) management control system. 
Chapter X summarizes the results of this study and gives 
the authors' conclusions and recommendations for ACUSON 
Corporation and DOD. This chapter suggest areas that might 
warrant further study or examination. 
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II . METHOOOLOO't 
A. LITERATURE REVIEW 
A manual search o f the Dudley Knox Library was conducted 
us i ng BOSUN term i n a ls l ocated in the library. Add itionally , 
a searc h o f the two pr i nc iple databases ( SABIRS and OTIC) 
availabl e to the Dudley Kno x library research staff was 
conducted usi ng the f o ll owing keys words: Control, 
Management Contr ol, Total Qual i ty, Total Qua li ty Management 
Cont rol , Mo dels , Modeling, Research , and Evaluat ion . 
Current publi s hers' ca t alog s were reviewed for the purpose 
o f identifying t he most c urrent l iterature related to the 
topic . 
An extensive examination o f this li terature ( see Li st of 
References) was t hen conducted by both authors. The 
o b jective of th is exami nation was to gain i nformation on 
both tradit ional and tot a l quality management control 
s yst ems . 
References on t he sub j ect of modeling were a lso 
consul t ed t o gain ins ight i nto constructing the applicable 
mode l s. 
DEVELOPMENT OF MODELS 
1. Traditional Management control System (TMCS) Model 
The TMCS is well-defined in literature, hence, the 
authors only had to use content analysis of current models 
to determine one generic model. 
2. Total Quality Management Control System (TQMCS) Model 
To develop a generic model, the authors concentrated 
on two examples: The Canon Production System and GOAL/QPC 
models. These two TQMCS were chosen by the authors because 
they were more clearly defined and better documented than 
the rest of the literature. A comparison of these two 
models produced elements that were common to both models. 
These elements were further corroborated with the theories 
of Deming, Juran, Senge, and others. 
C. COMPARATIVE ANALYSIS 
The generic model of a TMCS, out lined in Chapter III, 
and the c ommon elements of a TQMCS (Chapter VII) were 
compared on a number of dimensions. Dimensions were defined 
as an attribute of a management control system. They were 
chosen by examining the mental models and structure and 
operation of the two systems; if an attribute was important 
to either a TMCS or TQMCS, it became a dimension for 
purposes of comparison and analysis. The authors grouped 
these dimensions into groups and ultimately into categories. 
Each MCS was then compared with in each of the dimens ion, 
groups, and categories. 
D. CASE STUDY 
The meth odol ogy f o r t he case study will be discussed in 
detail in Chapter IX, however, it consisted o f the following 
elements: 
Gaining entry int o c ompany 
Conduct personnel interviews 
Observe pr ocesses d u r ing wa lk-a rounds and listen or be 
attenti veness to i ndividuals conversing in the 
companies common cafeteria 
Review o f ACUSON 'S past and present annual report to 
shareholder s 
Review o f prev ious Cont inuous Improvement Survey 
commissioned by ACUSON 
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III. TRADITIONAL MANAGEMENT CONTROL SYSTEM 
The purpose of this chapter is to identify some of the 
assumptions and mental models upon which the Tradit iona l 
Management Control System is based. The chapter begins with 
a description of a Traditional Management control System 
then progresses to an examination of its menta l models. 
Finally, a typical Military Management Control System i s 
described. The description of the traditional management 
control system is from the managerial financial point of 
view. 
A. DESCRIPTION OF A TRADITIONAL HANAGEHENT CONTROL SYSTEM 
Manage ment control is the process by which manager s 
influen ce other members o f the organization to i mplement the 
orga ni zat ion's strategies. Management control fits between 
two activities, strategic p l anning and task control. Task 
contro l focuses on short-run operating activities and uses 
accurate current data. Strategic planning focuses on the 
long-run and uses rough approximations of the future. 
Management control falls within the boundaries of task 
control and strategic planning (Anthony, 1992, p. 9). 
Another definition o f a management control system is: 
"The process by which an organizat i on inf l uences the 
behavior of its members to insure, as far as possible, the 
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achi e v e ment of the orga nizat i on's objectives. As sueh , 
act i vi ties like go a l setting , performance eva l u a t ion, and 
reward a d min i s tration are a l l viewed as elements of a 
contro l syste m." (Ferris, 1987, p. 177). The next section 
describes a "typica l" t r adi t ional management c ontro l system. 
Under trad i tiona l ma n a gement control systems, top 
ma nagement determines the mission, vis i on, values and 
stra t egi c goals f or the orga nizat i on (see Figure 2 ). Then 
top mana gement coo rdi nates and sets a long term p l an and a 
budge t (which is a deta il ed p l an for t h e coming year.) Top 
management publ ishes a mission s t atement , corporate 
pol i cies , a plan and a b udget. Al l the organizat ion's 
me mbers mu s t follow the guidelines ment i o ned above. 
T OP management e xpect s managers and workers t o have 
the ir own agenda; th e y a re expect e d to pursue their own good 
and no t necessa r ily fo l low the org anizat i on ' s po l i cies, 
values and g oals. To ma ke sure that everyone obeys , 
management cont r ol s the o r ganization. 
It is management 's rol e t o plan and t o make sure that 
the plans are o bs e rved. To fulf i ll th i s rol e t r adit ional 
man a gement uses some mechanisms: 
1 . Pla nning and Budgeting 
c omp a n i es have complic ated methods of setting 
nUmer i ca l goals. The purpose of th is pro c e ss i s to assure 
that s u buni t s a nd i nd ividu a l s in the organization ar e movi ng 
towar d a cco mpli s hing t hese goa l s. 
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2. Reports 
Many reports are used to inform upper levels to what 
extent the goals are aChieved. Other reports are used as a 
source of information for management about "what's going on" 
in the organization. Examples of reports; 
a. Vail y Reports 
Used to gain information about daily sales, daily 
production, and number of customers served in the previous 
day. 
b. Monthly Expenses Reports 
Used to capture information regarding the cost of 
operations such as water bill, electric bill, phone bill, 
etc. 
c. Financial Reports 
Used to determine residual income (RI) or return 
on investment (ROI) for measuring investment center 
performance; profit before interest and income tax (PBIT) 
for measuring a profit center performance; cost and revenue 
for measuring cost and revenue center performance, 
respecti vely. 
d. Non-Financial Reports 
Used for tracking information such as customer 
complaints, employee turnover, worker absenteeism rate. 
3. Incentives 
The information gathered by the reports and by other 
methods is used to determine who deserves a reward (such as 
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prof i t s ha r ing, s t ock opt i ons, bonuses, promotion, rewards 
to worke rs not t aking sic k leave) or a punishment . Many 
companies ti e executives' wages to measurable criteria l i ke 
income o r ROI . The se c o mpanies believe that this is the way 
to motiva te exe cu tives: through their compensation. 
4. Li. ited Responsibility and Authority 
By limit ing r esponsibility and authority o f 
i ndiv iduals in an organi z a t ion, !:lanagement can disti nguish 
between different units and measure each unit separately. 
Examples of limited authorities and responsibili ties: 
A marketing person has o nly the authority t o give a 
limited discount . His responsibilities are limited to 
the amount of doll ar sales and he is measured by this 
cri t erion 
A ma nufacturing p l a nt manager has limited authority to 
spe n d mone y on unscheduled maintenance. If additional 
f u nds a re require d, he must obtain approval from 
h ighe r author ity . The manager is measured on the number 
o f uni t s p roduce d and the cost of pro duction (a cost 
c enter ) 
By using t hese mec hanisms , management believes they 
moti vate i ndividuals t o follow the organization's 
ob j ec tives . In case o f a u ni t that performs poorly or 
viol a te s a cor porate r ule, I:lanagement takes correction 
steps. 
Di ff eren t o r gan i zations use different management 
control s ys tems . However, there are some cornman e l ements 
that a ffec t management c ontrol systeI:ls such as mental 
mo dels , expectations , habi ts, managers' personalities, 
bus i ness of the o rganization (semiconductor manufacturing, 
c ars manUfacturing, banking, hotels, health care, a 
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government agency, a navy ship etc. ), cuI ture of the 
organization, competitive environment, size of the unit, 
managerial information technology, and rules and regulations 
in the state or country wherein the uni t operates. 
Different units within an organization may also (and 
probably do) have different management control systems. 
Although management control systems may be affected 
by all of the elements just mentioned, of particular 
interest are the mental models that serve as the conceptual 
base on which management control systems are constructed. 
Mental mOde ls held by an organization's members form 
the foundation upon which the organization is built. Mental 
models are the beliefs or hidden assumptions which influence 
the way we receive and process information. We will discuss 
the mental models underlying traditional management control 
systems in the next section. 
In the TMCS, see Figure 2, top management i s at the 
top of the organization and from that position dictates 
po l icy and regulations, through the management control 
system, to middle management and on down to the work force. 
After dictating policies and regulations, management then 
uses the management control system to verify that the 
organization is following the policies and decisions of top 
management. 
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Figure 2 . The Tra dit ional Management Control 
System. 
B . !reNTAL MODELS REGARDING TRADITIONAL MANAGEMENT CONTROL 
SYSTEMS 
Mental Models reqarding Planning and Problem 
solving 
a. Only top .anageaent controls the organization. 
Management control systcms p rovide the mcans by 
wh i ch management c o ntrol s the organization. Strategic 
plan s , me asurements, promotions , incentives, are a 11 
dete rmi ned by top management. Anthony says that "an 
org anization r.lust also be controlled, that is, there must be 
dev i ces t ha t ensu re that i t [ the organization] goes wh ere 
its leaders wan t i t to go." (Anthony, 1992, p . 3) The name 
"Management Contro l System" implies that control and 
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management are in the territory of top management. That 
brings us to the next assumption: 
b. Only aanage.-ent aanages the organizat:ion. 
Decisions are made by management. Objectives, 
goals, and plans are all set by management. Different 
layers of management are involved in the management process. 
Traditional organizations give different degrees of freedom 
to different layers of management. The fina l word is 
reserved for the manager higher in the hierarchy. 
consensus, or real commi tment, at the l ower layer of 
ma nagement is a "nice to have" but not a necessity. 
The next assumption deals with the 
interrelationship between objectives within organizations. 
c. An organization achieves its objectives if the 
sub-units achieve their assigned objectives. 
The idea behind responsibility centers is that 
the organization is divided into sub-units (responsibility 
centers) and each sub-unit must achieve certain objectives 
established by top management. "The objectives of 
respons ibi lity centers are to do their part in implementing 
these strategies. Because the organization is the sum of 
all the responsibi lity centers within it , if the strategies 
arc sound, and if each responsibility center meets its 
objecti ves, the whole organization wi 11 achieve its goals." 
(Anthony, 1992, p. 127) It is the responsibility of top 
management to estab l ish the right objectives for the 
different responsibility centers. 
A budget is ma i nly a list of object ives. Usually 
di f ferent layers o f management arc involved i n the process 
o f preparing the budge t . Some organizations use the budget 
process a s an o pportunity to allow information to flow in 
different di r e c tions in the organization: bottom-up, top-
down a n d laterally. The resul t of the budgeting process is 
"a seri e s o f contracts b e tween managers at each level of t he 
o r ganization, and betwee n managers at that level and the 
next. " (Ferr is I 1987. p p. 50-54) Once the budget is 
established and th e non-budgetary objectives are set, each 
SUb-unit is t hen meas ured aga ins t these criteria. 
Sub-uni t managers are not expected t o be 
interested i n a nother sub-unit's performance or 
dif f i culties . It is expected that if each SUb-unit achieves 
its goals , the whole o rganization will in- t Urn accompli s h 
its goa l s. Most organi za tions rea lize that this view is 
overly simplist i c because t he sub-units are i n f ac t i nter-
rel a t e d. In order to ov ercome this problem, organizat.ions 
use "transfer pri c ing" a n d other mechanisms to so lve the 
.in ter-relational probl ems. 
Ano ther wa y management may ignore the influence 
of one unit on another i s t o measure a responsibi li t y center 
on l y on one dimensi o n of perfor!:lance. As an exa!:lple, a 
manufacturi ng uni t may be measured only on the cost and 
quanti t y o f production (a cost center) and not measured on 
how many products are sold . The sales force, on the o ther 
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hand, may be measured only by the quantity of sales (revenue 
center). By using these methods management can artificially 
treat each part of the organization as a separated entity. 
A different area of management control is problem 
sol ving. The next assumption deals with problem solving. 
d. Ir we knOW' what the sy.pto. is, we can easily 
identiry the source or the probleIll. 
Robert Anthony (Anthony, 1992, p. 4) defines the 
four elements of control as a detector or sensor, an 
assessor (for comparison with standards), an effector 
(feedback) and a communication network. The information 
sent by the detector is assessed by the assessor which 
provides feedback through the communication network. 
Information detected by the detector varies from one 
organization to the next but generally includes information 
such as return on investments, residual income, revenue, 
variances, cost, production, and customer complaints. 
Management uses the information to compare the 
measured results to explicit and implicit objectives. A gap 
is usually perceived as a problem. For example, if the 
residual income of a business unit is significantly higher 
than budgeted residual income, it may imply that managers 
underestimated residual income. If the residual income is 
significantly lower than budgeted residual income, it may 
imply that the unit had some problems accomplishing its 
objectives. Measurements are constructed to detect gaps 
between the objectives and performance. Often, these 
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measu reme n ts are not detecting the problem but rather the 
sympto ms. 
Exampl e s o f sources and symptom of problems 
wi th in a n organization: 
(1 ) Sympto ms . ROI too low, cost t oo high, 
absenteeism too high , high employee turnover , a s hare price 
fa lls, d e b t ratio higher then intended, income t o o low. 
(2) Sources of problems. Culture, barriers to 
communi cation , mental mode ls, and variations in the input to 
a p roc ess. 
Traditional management control system co l lects 
d at a about symptoms of problems. Once a symptom is 
detect ed, it is the management's responsibility to analyze 
the problem and to solve it. The process of analyzing the 
problem is done in different ways. However, traditional 
manage ment cont r ol syst ems do not facilitate a formal 
systemati c met h od t o e x p l ore the source of a problem. 
Because n o s ystemat i c effort is undertaken to 
pinpoi n t causes of pro b lems in an organization we can assume 
t ha t managers , using traditional management control systems, 
bel iev e t h a t knowledge o f the symptom will r eadily lead them 
to the sourc e o f a pro b lem; otherwise, there would be some 
t y pe ot s y steI'latic me t hod in place fo r locating sources of 
probl ems. 
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2. Mental Models regarding People: 
The best .ethod to evaluate and .otivate ..angers 
is to aeasure their perforaance using 
quantitative standards. 
Traditional management uses the data collected by 
the Management Control System in different ways to motivate 
managers and workers : promotion, bonuses, wages, letters of 
appreciation etc. Performance measurements are also used as 
criteria for rewarding: a positive reward to those who are 
doing well and a negative reward to those who are doing 
poorly. Ferris writes that "a system to both motivate and 
control individual behavior is also needed" (Ferris 1992, 
p. 5) . Measured performance is compared to goals set by top 
management . 
Tradi tional management control systems 
acknowledge the comp lexity of quanti tati ve measurement; 
individual goals must fit with the higher level goals and it 
is hard to compare d ifferent units of an organization. 
Thus subunit's goals must be congruent with the 
organization's goa l s and different subunits must be assigned 
different goals. 
Goal congruence is a pervasive paradigm in 
traditional management control systems (Maciariello, 1984 , 
p. 5) . The set of goals a manager has to accomplish differs 
between companies, divisions, managers, :responsibility 
centers, etc. But, management control systems must measure 
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the man a ger' s perfo rnanc e by numerical criteria (Anthony, 
1992, pp. 126-146) . 
There f ore , we see that in order to motivate and 
e valua te its emp l oyees and manage r s, a n organization nust 
comp a r e the ir performan c es with numerical goals, and 
quantit a tive measurements facilitate such comparisons. 
Management c ontrol systems are constrained to 
dealing wi t h numbers, b ut n o t just financial numbers. The 
next mental model addresses these constraints. 
b. There i s a clear division ot roles in an 
organization: top .anage.ent plans and controls, 
ttiddle .anageaent controls and line workers do. 
Tradit i ona l manageme nt contro l s ystems assume 
tha t t here is a clear d ivi s i on of tasks in a n organization. 
Top nanagement doe s th e t hink ing and they control the 
org an izat i on via mi ddle man a g ement. Middle management 
cont rols l ower levelS and the l ine workers d o the work. 
No wo r ker has t he author ity t o change a 
p r ocedure, n o supervisor is involved in long t erm pl anning. 
Therefo re workers, as are supervisors, are measured against 
a target. Higher managers participate in setting objectives 
o n which they are measur e d. If t h e division of roles were 
n o t that c learly separa ted , then workers would t ake part in 
controlling and p l ann i ng and middle managers wou l d 
participat e i n long term planning. 
3. Mental Model regarding Information: 
Host of the infor.ation essential to aanaging 
and contro~~ing an organization can be gathered 
in the fora of SUb-unit and individua~ 
perfor.ance. 
The traditional r.lanagement control system 
collects i nformation about performance of the organization 
and its sub units. The data col lected is used to direct the 
organization to achieve its goals and objectives. 
Management control systems collect and process 
information from within the organization: financia l 
performance, quanti ties, worker turnover, etc. And, this 
information does in fact describe the performance of 
individuals and SUb-units within the organization. 
Some organizations collect information about 
defective products a nd customer complaints. This 
information is used as well to evaluate the performance of 
i ndividua ls and SUb-units. 
These performance evaluations are used to 
determine whether the organization, subunits or ind i viduals 
are dOing as expected. Rewards or corrective activities are 
considered based on this information. 
However, information concerning the processes, 
such as product variation or input quality and variation are 
usually not collected in traditional management control 
systems. 
Like other organizations, military organizations 
have management control systems. A military has unique 
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characte r istics t hat shape its management control system. In 
the n e x t section we wi ll discuss these characteri stics and 
the mi li tary management control system. 
MILITARY MANAGEMENT CONTROL SYSTEMS 
Thi s sectio n is based our experience as o f f i cers in the 
us Na vy and the Isr aeli Air Force. 
Al though, t he military is a non-profit government 
s e rv ice organ i zatio n, like any other organization, the 
military has a manage ment control system. A l:'Iili t ary spends 
most of i ts time preparing itself for its mission : 
ex e r c i s i ng power thro ugh people systems and weapons in 
c omplex si t uations. The typical military management control 
system is based on a very structured chain of command, a 
wel l defined informa t ion net work, and numerous mcas ure!:lents. 
Thr e e fac t o rs affect the military manage:r:lent control 
system. First , the u l timate purpose of any armed force i s 
t o f i ght . Second, the mi litary i s a government agency. 
Final ly, the mi li t ary d o e s not have any cOI:1pet i t ion in thc 
priv ate o r publ ic sector . 
S inc e the milita ry uses t hc same :r:lanagement cont r ol 
system i n both peac e a nd war, the management control sys tem 
mus t first b e appropr i ate for combat, the most extreme 
s itua tion . In time o f combat the goal of physica l surviva l 
dominates. To allow f or survival in dangerous environments , 
t h e networ k through whi c h commands and informat ion fl ows 
29 
must be simple and we l l structured. Although most of the 
mi litary will never participate in a combat situation, the 
fighting unit's management control system will be reflected 
throughout the military. 
Another facto r that influences the military management 
control system (in a democratic society) and is also common 
to government organizations, is political intervention. 
Like every other government agency the mi litary is subject 
to the close scrutiny of politicians, other government 
officials, and the media . These people are not necessarily 
experts in the areas in which they are scrutinizing. The 
political environment is very short-sighted; therefore, the 
mili tary management control system must ensure that 
directives and guidelines aimed at the military are applied 
qu ick ly and precisely as ordered. 
The third factor relates to competition. The mi litary 
does not have any competition with regards to its mission. 
No other government or private agency is competing to fight 
in Somalia, therefore , the military is not fo rced to change 
its managenent control system in order to become more 
competitive or to survive. Some elements of the military, 
like a DEPOT, do encounter partial competition. The lack of 
competitive pressure is balanced by political pressure. 
Pressure though, like a vector, has magnitude and direction. 
political and competitive pressures do not have the same 
direction or magnitude. 
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Shaped by these three forces, the mi li tary has developed 
its own un ique ma nagement control systems. Following is a 
descri p ti o n of a typi c al mil i tary control system in a 
d emo crat i c society. 
The highest p osi t ions that control and manage the 
mi litary are occupied b y civilians who determine missions, 
~ trategies, acqu i sitions, wages, manpower and budgets. 
These deci s ions are a result of a political process over 
wh ich the mili tary does not have full control. 
The military i s measured by end results: Using all the 
budget (but nothing more), audits regarding handling money 
and i nventory. In case o f a combat the military is ncasured 
against its Ultimate goal: to win the battle. 
Rare are the occasions when a military gets a mission 
and is left alone to accomplish it. Usually t op management , 
ie; secretary of defense or president, i s watching every 
movement closely and interfering frequently. These pa tterns 
r epeat whether the activity is systems acquisition, a combat 
mission, o r womens' ro le in the military. 
Lowe r level s management in the milita ry hierarchy face a 
simi l ar manag ement control system. Upper levels of 
nanagement s et the strategies and goals. Middle managers, 
the officers and chiefs, have very litt l e authori ty to 
change procedures, equipment, personal, ,or training in their 
units . Everything must be approved by a highe r level of 
man a g ement. At every level, performance is heavily audited 
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and measured by quantitative criteria. The following are 
examples of measurements used by militaries: 
A US Navy ship may undergo thirty five external 
inspections in one year 
Gunnery resul ts are measured and compared between units 
Physical training and physical fitness tests 
Mission readiness of equipment 
Fitness reports 
A member in a mi l itary organization, un l ess he or she is 
in the very top, has a very little to say in determining 
long term plans and strategies. Each level gets a detailed 
set of goals and objectives from a higher level. 
To make sure no one leaves the dictated trail, every 
level carefully examine its subordinates. If a unit gets 
slightly out of the tight constraint, it will be moved back 
promptly. 
Militaries use positive and negative rewards to control 
and motivate their members. positive rewards are in forI:'! of 
awards and promotion. Negative rewards are more common and 
more di versif ied: jail, money, relief from mil i tary, 
publ i c i ze poor performance and lower ranks. 
The characteristics of a military control system 
descr i bed above are identical to a traditional management 
control system: 
Top management sets long and short term plans, 
vision, mission, and values 
Top management controls the organization through the 
hierarchy 
Middle management and employees have a very limited 
authority and control over their un i ts 
Incentives arc used to control and motivate personal 
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CHAPTER SUMMARY 
In this chapt er we described traditional management 
contro l systems a nd some of the mental models upon which 
tradit ional managemen t control s ystems are based. We also 
brief l y descr ibed characteristics of nilitary management 
control systems. Figure J visualizes the TMCS paradigm 
regarding management and control: the higher we are in the 
hierarchy the more cont rol and the greater management 
authority we have over. th e organization. 
High 
Low 
W orkers Top M anagement 
Figure 3. Distribution of Control and Management 
Authori ty in a Traditional organization . 
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IV. FOUNDATIONS OF TOTAL QUALITY MANAGEMENT 
CONTROL SYSTEMS 
Figure 4 illustrates a TQMCS (the elements in the large 
ellipse ) and the foundations necessary for a TQMCS (the 
bricks on which the ellipse rest). One cannot hope to gain 
an understanding of the system without a solid grounding in 
the foundations upon which it rests. Therefore this section 
will discuss the various e l ements that create the 
foundat i ons for the control system. The elements making up 
the actua l TQMCS -- organization's culture, the control 
system itself, management, and creators -- will be described 
in Chapter VII. 
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Figure 4 . The Foundations for a Tota l Quality 
Management Co ntr ol System Model. 
It.. It. CHANGE IN PHILOSOPHY 15 REQUIRED 
Firs t a nd foremost is the requirement for a 
ph i l a s ophica l c h a nge in the thought process o f mam:l.gement. 
John Stewart Mill (1808-1873) once said, "no great 
improvenents in the lot of mankind arc possible until a 
great change takes place in the fundanental institution of 
their modes of thought" (Lippitt, 1973, p. 37). The same 
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can be said about transforming to a total quality management 
control system. Success requires a fundamental change in 
management phi losophy. On adopting a new phi losophy, Dr. 
Deming's second point states, "We are in a new economic age. 
Western management must awaken to the challenge, must learn 
their responsibilities, and take on leadership for change." 
(Deming, 1992, p. 82) 
From Henri Payol to Henry Ford, human resources have 
traditionally been viewed as mechanical arms and hands in 
someway connected to the manager who is the central 
processor for the whole system (organization) and that these 
resources should be maximized for gains in short-term 
profits (Deming's deadly disease number 2). If one of these 
mechanical hands malfunctioned, by becoming either under or 
over creative, the corrective measure was simple, you either 
fixed it or had it amputated, most often the latter. Total 
quality managers know and understand that thcir organization 
can, and in fact, does have .mgny central processors who 
create and contribute to the long-term health of the 
organization. Total quality organizations have within them 
a constancy of purpose that allows each and every individual 
in the organization to contribute towards improvements 
product and services, Deming's point number one. 
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B. THE VISION STATEMENT 
Accor ding t o Dr. s t ephen Covey, "Most organizations 
fac e a real challenge in g etting their people and cu l ture 
united around a v i si on and s t rategy." (Covey, 1990, p. 143) 
A vision statenent describes a desirable situation towards 
wh ich a n o rganization should strive . Once a vision is 
s ha red (not imposed but inspired by management) people in 
the organiza t i o n wil l feel ownership for it. When people 
own the vision, they automatically direct themselves towards 
it, and do not need a manager to control then. Total 
quality nanagenent control systems emphasize shared vision 
as an important element (Senge, 1990, pp. 205,232). 
C. THE MISSION STATEMENT 
Closely linked with the development of the vision 
statement is the mission sta tement. An organizat ion's 
nission statement states what busi ness the organization is 
in. Vision and values are not normally a part of the 
mission statement, however , it is the combination of 
nission, vision, and values that creates unity and 
comnitment within the organization. It gives people a frame 
of reference, a set of criteria or guidelines, by which they 
will govern themselves. They will not need someone else 
directing and controlling them for they will have bought 
into the changeless core of what the organization is all 
about. (Covey, 1990, p. 143) 
The mission statement is vitally important to an 
organi zation's successful application of a total quality 
management control system. Without full involvement, there 
is no commitment . Mark it down, asterisk it, circle it, 
underline it. NO INVOLVEMENT, NO COl·nUTMENT (Covey, 1990, 
p. 143) . A lack of commitment wi ll result in a lack of 
constancy of purpose (Deming's deadly disease number l). 
A fully involved mission statement will also help 
prevent management mobility (or job hopping) in the 
corporate environment (Dem ing 's deadly disease number 4) by 
removing ambiguities in what is expected of managers and 
creating in managers a feeling of belonging or ownership of 
the mission. 
The organization's mission statement should be the hub 
of a great wheel. It should spawn the thoughtful, more 
specialized mission statements of sUb-units and groups of 
creators (empl oyees). The mission statement should be used 
as the criterion for every decision that is made in the 
organization. It will clari fy corporate cu lture, how 
personnel re l ate to customers, and how they relate to each 
other. The organization's mission statement wil l effect the 
style of managers, how they recruit and train individuals, 
and the compensation system. Every aspect of the 
organization, essent ially, is a function of the hub, the 
miss i on statement. ( Covey, 1990, p. 142) 
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D. PROFOUND KNOWLEDGE 
The t h i r d bui lding block in the foundation is what Dr. 
Deming calls the System of Profound Knowledge. It consist 
of four interrel ated parts: (Deming, 1986, p. 23) 
Appreciation for a System 
Knowledge about variation 
Theory of Knowledge 
Psychology 
Figure 5 represents the fou r elemen t s of Dening's 
system of profound knowledge. The shaded area covered by 
all c irc les represents Profound Knowledge (PK) . One can 
onl y have PK if they h ave all four of the elements. 
Al tho ugh Deming s t ates eminence in each element is n o t 
required, he asserts that managers do need to possess some 
k nowledge in each element. 
The system of profound knowledge is an important 
b u ilding block fo r a TQMCS because of the transformational 
na ture of the t otal qual i ty journey. Tichy and DeVanna 
re late thi s transformat ion to a three act play . Act One is 
Recognizing the Need tor Revitalization. I n this act the 
drama centers on the c hallenges the leader encounters when 
he o r she attempts t o alert the organizatio n to growing 
threats fr om t he environment. Act Two is creating a New 
Vi s ion . This involves t h e leader's struggle to focus the 
organization's a ttention on a vision of the future that is 
e xci t ing and positive. (See the beginning ot this section 
fo r a d i s cussion a t vision as a part of the foundat i on for a 
TQMCS . ) Act Th ree is Institut ionalizing Change. Here the 
leader seeks to institutionalize the transformation so it 
will survive his or her tenure. (Tichy, 1990, p. 7) In the 
transformation to total quality I profound knowledge is the 
leader's guide. An interesting point to note is that Deming 
states that profound knowledge must come from the outside 
and by invita t ion (Deming, 1992, p. 61). This implies that 
a TQMCS must incorporate external information to be 
effective . 
Figure 5. Deming's System of Profound Knowledge 
1. Appreciat i on o f the System 
Be f ore one c an appreciate a system they must first 
understand it. If a picture is worth a thousand words then 
a flow chart must be worth a million towards understanding 
the interconnected complex of functionally related 
c o mponents that make up any system (See example in Figure 
6) • Management of a systen requires knowledge o f these 
inter- relati onships as well as the people that work in the 
system . In the total quality approach a flow diagram 
provid es this requisite knowledge. (Deming, 1 992, pp. 62,63) 
Figure 6. Deming's Systems Flow Diagram. 
2. Knowledqe of Variati.on 
Knowledge about variation is crucial to Deming's 
system of pro found knowledge and is intertwined with the 
e leme nts o f appreciation for a system. By s tudying t he 
variation that exists in the system, managers know when and 
how to improve processes to optimize their system. Two 
portions of knowledge of variation are particularly 
important to a TQMeS: understanding the difference between 
special and common causes of variation and understanding the 
concept of the Taguchi Loss Funct ion. Managers with a 
thorough knowledge of the two types of variation ensure the 
right actions are taken to improve the system. Those with 
knowledge of the Taguehi Loss Function understand that 
management control systems must do more than just ensure 
everything meets specifications. 
3. Theory of Knowledge 
The theory of knowledge helps one to understand 
that management in any form is prediction. (Deming, 1992, p. 
69) Managers can know the past with certainty, however, any 
knowledge of the future can on l y be a prediction _ All 
managers would like to make rational predictions. But this 
can only happen if their predictions are base on a theory 
that has been developed through knowledge of the past. By 
reviewing and analyzing both long-term and short-term 
actions, making comparisons and using planned 
experimentation, managers can, with greater accuracy, 
predict future outcomes. 
4 . Psychology 
Psychology helps us to understand people, 
interaction between people and circumstances, interaction 
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between c ustomers and suppliers, interaction between teacher 
and pupi l, and interaction between a manager and his people 
and the system of management. (Deminq, 1992, p. 73 ) All 
indivi duals have differences in their traits, attitudes, and 
capabilities. A good manager will know the d if ferences in 
his people I s tra its, a tti tudes, and capabi Ii ties and armed 
wi th this knowledge, be a b l e to opt imize each person's 
abili ties and i nclinat ions . 
E. 
An organization that is making the transformation to a 
qua l i ty f ocused culture will encourage education and self-
impro vement f or everyone (Deming's point 13). 
Many corporat ions in western economies face a 
tremend ou s a mount of c ompetition. Most product-lines either 
have many compet itors or have very low barriers to entry 
into the production of that product. Non-profit 
organizations, s uch as the mi l itary, are also besieged by 
competi t ion . Granted, much of what the mi litary does wi ll 
rema in firml y under the control of the mil i tary. However, 
as budgets cont inue to s hrink, fierce competition for the 
a vailable d o l lars and a need to get the most "bang for the 
buck" will result in inter-departmenta l r ivalries with in 
Government and par ti c ularly DOD. Ultimately, only those 
organ i zat ions that are the most efficient will emerge as 
v ictors . 
Efficiency is a product of knowledge. Henry Ford's 
first model "T" was grossly ineffic i ent as compared to the 
Ford Taurus. Getting from the model "T" to the Taurus 
involved progressively building on existing knowledge. 
Therefore, what an organization needs is not just good 
people; it needs people who are improving with education. 
(Deming, 1986, p. 86) 
IMPLEMENTING DEMING'S 14 POINTS 
The 14 points, see Table 1, are a corner stone for 
transforming America's industry and non-prof i t 
organizations, such as the military. Adoption of the 1 4 
points will aid the organization in obtaining and 
maintaining acceptable level of efficiency by aVoiding 
problems in the organization. It wi ll not suffice merely to 
solve problems, big or little. Adoption and action on the 
14 points are also a signal that management intends to stay 
i n business and aims to protect investors, jobs, and 
conserve scarce budget dol l ars. The 14 points can be 
applied anywhere, to small organizations as well as to 
large ones, to service industries as well as manufacturing, 
and they can apply to a sub-division of an organization. 
(Deming, 1986, p. 23) 
TABLE 1. DEMI NG' S 14 POINTS. (Deming, 1986, p. 23) 
1. Create cons t ancy of purpose for improvement of 
product and service. 
2. Adopt the new philosophy . 
3 . Cease dependance on mass inspection. 
4. End the pract i c e of awarding business on price tag 
alone. 
5. Improve constantly and forever the system of 
production and service. 
Insti tute training. 
7. lnst i tut e leadership. 
8. Drive out fear . 
9 . Break down barriers between staff areas. 
10. Eliminate slo gans, exhortations and targets fo r 
the work forc e. 
11. Eliminate numerical quotas. 
12 . Remove barriers to pride of workmanship. 
13. Institut e a vigorous program of education and 
retraining. 
1 4 . Take action to accomplish the transformation. 
G. TRANSFORMATION IS TOP DOWN 
organiZat ions that are in the process of or have 
adopted TQ could have only done so by transforming 
themselves. Unfortunately, transformations are not 
something that "just happen." For a transformation to occur 
there must be a leader. "The transformation is t op down. " 
( Deming, 1992, p . 82) Therefore , we must search for 
transforming leadership that "u l timately becomes mora l in 
tha t it raises the level of human conduct and ethical 
aspirations of both leader and led, and thus it has a 
transforming effect on both." (Burns, 1978, p. 20) 
Whi le entrepreneurs can start with a clean slate, 
Transformational leaders must begin with what is already in 
place. (Tichy, 1990, p. 4) Before a leader begins to 
transform an organization, he, or she, should seriously 
examine their own motives. The transforming leader of today 
is similar to the legendary phoenix. The phoenix could 
regenerate itself but only after it had been destroyed. The 
transforming leader must, in a sense, destroy his, or her, 
old leadership style. Doing this requires a leap of faith. 
This leap of faith that destruction will result in rebirth 
is tied to the tension between stability and change and 
countered by the denial that change is necessary." (Tichy, 
1990, p. 28) 
V. THE CM/ON MANAGEMENT CONTROL SYSTEM 
As pre v i ously discussed, the purpose of any control 
system is to achieve organizational objectives. The total 
qual i ty management control system is no exception. 
This and the f o llowing chapter examine two of the many 
models for a TQMCS; the Canon Production System model, and 
the GOAL/QPC model. The best elements of each model will be 
used to construct a generic model of a total quality 
management cont rol system adaptable to most management 
si tua tions. 
A. BACKGROUND 
Canon corporation is a manufacturer of high quality 
cameras and copy machines. As a res u l t of Canon's gOing 
int o the r e d in 1975 a fter many decades of success and 
profits, management began to move away froI:'! its t r aditional 
highly centralized, top-down management control system and 
towards a management c ontrol systeI:'! that delegated greater 
decision making to l ine managers, sales and service 
personnel, and gave g rea ter weight to the intuitive quality 
and personal touch of the "hands-on" type of management (JMA 
19 87, p. vi). Canon's managing director, President 
Ryu zaburo Kaku, proposed a plan designed to make Canon a 
wor l d- c l ass corporation within six years. The birth of the 
Canon's new style of management control system is known in 
Canon as the "Canon Production System." 
Canon's vision is to be a world-class or premier 
corporation. Its company wide goals are: 
• strive for the best quality 
• The lowest cost 
· Fastest delivery anywhere 
These goals are achieved by pursuing three basic strategies. 
• Reliable quality assurance 
• Efficient production methods 
• Development of hUman resources 
Human resource development has traditionally been a 
fundamental element of Canon's corporate culture. (JMA, 
1987, p. 8) There are four guiding principles applied by 
Canon in the development of human resources: 
Merit based promotion 
Family (or team) spirit 
· Health (mind and body) 
· "Three Selfs" (self-motiVation, self-respect, self-
reliance) (JMA, 1987, p. 9) 
Even by Japanese standards Canon is a revolutionary 
company, but more importantly, Canon is an evolutionary 
company. Canon's culture is one of constant and continuing 
improvement _ 
B. CANON'S KENTAL MODELS REGARDING MANAGEMENT CONTROL 
1. Mental Models regarding Planning and Problem 
solving 
Understanding and eliflinating waste is the Jeey 
strategy for permanent corporate improvement 
Canon recognized that a decline in corpor ate 
achievement c an usually be traced to internal inefficiencies 
tha t prevent the company from responding to change, and 
f ocuses on eliminating waste from manufacturing and indirect 
o perations. By 1983, Canon's profits from eliminated waste 
totalled $ 450 million. (JMA , 1987, Chapter II) 
b. OVer-production is the most complex and 
challenging for. of waste, therefore, it is 
i mportant to focus on reducing worJe-in-progress. 
Co s t reduct i on necess i tates that all forms of 
waste be quantified and measured. After management and 
employees became accustomed to viewing all waste as 
measurable, it is o bv i o us that over-production is the 
greatest form of waste and that it creates, sustains, and 
h ides many oth e r forms of waste. Reducing work-in-progress, 
however, provides soluti o ns to many other problems. It 
p romotes a wo rk enviro nment where human resources can be 
fully developed a nd used. (JMA, 1987, Chapter VIII) 
Absolu t e dedication to defect detection and 
pre v ention at their source 
Each and every employee at Canon is committed to 
fol lowing estab li s hed standards and procedures regarding 
detect ing defects at their source and takes immediate action 
whenever problems oc c ur. Canon has integrated improvement 
activities into daily work with the aim of preventing 
quality defects at their source. (JMA, 1987, Chapter IX) 
d. Mding value through waste reduction is Canon's 
funda.ental strategy for continuing iaproveaent 
Eliminating waste reduces cost and adds value to 
products without capital investment, thereby increasing the 
company's prof i t margin. Product improvement is achieved 
through value engineering. All improvement activities at 
Canon are dedicated to reducing waste and thus reduc ing 
cost. (JMA, 1987, Chapter X) 
Effective planning brings people together to 
achieve resul ts 
Resources in and of themse lves are useless 
without a process that flows smoothly toward clear-cut 
objectives. Canon has harnessed and systematized 
cooperation by giving people goals to strive for and 
reliable methods assist their progress, and has reaped the 
rewards of fostering individual responsibility, self-
development, and higher quality teamwork. (JMA, 1987, 
Chapter V) 
f. Concentrating iaproveaent efforts in the 
smallest production unit will yield the biggest 
results 
Canon's Production System goals are actually 
achieved through production i n the smallest unit, the 
workcenter. Workcenters are empowered to pursue continual 
improvement. Canon management firmly believes in the 
contribution of the workcenter. (JMA, 1987, Chapter III) 
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g . continuous i.proveaent is the result of 
continuous involvcJlent 
At Canon , i mprovement is not viewed "extra" 
effo r t , but rather, the "habi t" of improvement i s a n 
integral part of everyone' s daily work. (JMA, 19 87, Chapter 
VI ) 
2. Mental Model regarding People 
Give people training they can use, to do work 
that is personally challe nging and i.portant: to 
the c o.pany 
Tra ining promo t e s continuing improvement and 
s uccessful goal a c hieveme nt by g i ving people the tools and 
me thods they need. (JMA, 1987, Chapter VII) 
) . Mental Model regarding Information 
a. Ifanaging i.provc.cnt: .eans s haring i m orllation 
cont inual imprOVement translates to change and 
growth . For an organization to have both growth and change, 
it must also have thorough and continuous shar ing of 
infonnation. Sha r ed informat ion must be concrcte, 
objec tive, and sufficicntly dctailcd to promo te growth. It 
must also be open a nd b l ame-fre e if it is to break down 
res istanc e t o change . ( JM1>., 19 87 , Chapter I V ) 
C . CANON1S MANAGEMENT CONTROL SYSTEM 
1. OVerview of the Structure 
Canon's Prod uction Sy s tem (CPS) is s usta i ned by a 
system of pillars, see Figure 7 ( J M, 1987, pp. 30-31). 
These pilla rs are : 
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Level-by-level improvement targets 
A line centered production system that is primarily 
concerned with Canon's three goals which are quality, 
cost, and delivery time 
A staff centered support system that is concerned with 
supporting the line effort with new production 
technologies and management techniques 
The workplace vitalization program which promotes 
continuous improvement through structured group 
invol vement and acti vi ties wi thin the workcenter 
Each of these pillars is described in the following 
sections. 
Producti<ln 
~.'" A~"".~nc~ DQIIlKlry 
A~"'Jt"ncQ 
l~ 
Figure 7. Basic Organi zation of Canon's Production 
System. (JMA, 1987, Figure 3-1) 
2. Level-by-Level Improvement Targets 
Level-by-level improvement targets are a direct 
outflow of Canon's Production System Goals and strategies 
which a re set by management. These level-by-level targets 
ass ign functions and goa l s to each level in the organization 
( JMA , 1987, p. 31 ). Canon's matrix management system, see 
F i gure 8 , allows Canon t o make these long range plans while 
Maintain i ng the f lexibility to react to unforeseen market 
c hanges and is just one of many keys to Canon's success. 
The ma tri x is structured with product groups forming the 
v e r tical axis and committees acting as invest i gative bodies 
fo rmi ng the horizontal axi s . This matrix management system 
pro vides f or more support and less control from central 
offi ces (JMA, 19B7 , p. B). 
Figure 8 . The Can on Management Matri x. (JMA, 1987, 
F i gur e 1-2) 
3. Production System 
The Basic Production System is composed of three 
separate sub-systems, quality assurance, delivery assurance, 
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and cost assurance. The quality assurance system uses QA 
flow charts, standardization, and process improvement 
activities to build quality in at each and every step. The 
delivery assurance system uses HIT (just-in-time) inventory 
principles to achieve shorter manufacturing t i mes, quicker 
response to product changes, and faster delivery times. The 
cost assurance system reduces cost through team activities, 
value engineering, efficient contracts with suppl i ers and 
p r oductivity improvements in the manufacturing process. 
(JMA, 1987, Chapter III) 
4. Support System 
The Support System is a cross functional system that 
operates at every l evel in the organization. It also 
consists of three separate subsystems: 
The Human Resources Development System 
The Research and Development in Management and 
ProdUction Technologies System 
The Canon Production System Promot i on System 
The Human Resources Development System is a training 
program that provides Canon's human resources with skill 
broaden i ng and management and specialty training. The 
Research and Development in Management and Production 
Technologies System provides for a variety of special and 
company wide projects. The Promotion System is charged with 
naintaining the merit awards system, special functions, and 
various Canon Production System acti vi ties. (JMA, 1987, 
Chapter III) 
5. Workplac e vitalization 
canon ' s thrust fo r c ontinual improvement begins in 
the workplace or workc e nter. Mr. Kaku, firmly be l ieves that 
building a wo rld-class company necessitates bu ilding a 
world-class workcenter. Canon's Production System goa Is are 
actually achieved thr ough production at the smallest unit 
which is the workcente r ( JMA , 1987, p. 32). The Workplace 
Vi talization Program encompasses various post-canon 
Production System efforts that center around zero defects 
and clean working spaces. These efforts are organized into 
smal l group activiti e s and conti nue to promote conti nuous 
improv e r:1ent through t he work improvement proposal system and 
t he hea l th and safety system. (JMA, 1987, pp. 3 1-32) 
Each and everyone of Canon's workcenters are created 
around the following e lements: the work center and all the 
creators in i t wi ll have a common purpose; information that 
is moni torcd by the workcenter, such as waste and quality 
i ndicators, will be pictorially represented on control 
cha r t s that reflect reality as well as ideal results; 
work ee n t e rs have weekly goals and plans that reflect the 
shared ideas o f both creators and manager; each task in the 
plan will have a responsible person assigned; all members of 
the workcenter participate within the framework of the 
"three selfs "; All information such as target figures and 
status charts wi ll be shared by all; control charts and 
graphs are studied for ind i cators that ref l ect potential 
waste or inefficiencies; and finally, the original plan for 
the workcenter is evaluated periodically to ensure that the 
system is working towards the proper goals and objectives. 
(JMA, 1987, p. 33) A profile of a 
Canon workcenter is one of consistency in the following 
High achievement 
Development of human resources 
operations are continually improving and eliminating 
waste 
Individual objectives and goals are clear 
Everyone sticks to the strategy 
Progress is pictorially represented for all to see 
Information is freely shared (JMA, 1987, p. 32) 
6. Tools used in Canon's MeS 
Canon's Management Control System utilizes the 
following tools for accomplishing its goals and objectives: 
Doctors Rounds 
Top management makes "house cal ls" at periodic 
intervals to each sub-unit of the organization. During 
these visits, the sub-unit manager reports on the continuing 
improvement effort, goal achievement plans, current savings 
from waste elimination, and counter measures used for 
specific problems. The visiting manager may comment on a 
proposed solution, suggest new approaches in an area where 
little progress has been made, or point out a problem that 
has not been noticed by factory management . (JMA, 1987, pp. 
49-50) 
b. Catch Ball 
Whereas doctors rounds provide a formal setting 
f or t alks with management and sUb-unit managers, catch ball 
brings together section managers to play "catch" with i deas 
and prob l ems experienced by either one or all. ( JMA, 1987, 
pp. 50-51) For example, strategies initiated at the top are 
sen t down in the organization for consideration and 
s uggestions. These strategies arc then sent back up with 
proposed changes and recommendations. Management considers 
t hese recommendat i ons, modifies them, and sends them back 
down. This process will continue until a consensus is 
reached. 
c. "Buil t-in" e.phas is on Pl anning 
Pl an first then act is the general rule for all 
Canon Production System operations. Canon's planning system 
i ncorporates a broad three year p la n and an annual goal 
ach i evement plan. Two primary objectives in planning are 
precision in p l anning and greater reliability in execution 
of plans . Because plann i ng is an automatic activity in the 
Canon Pro duction System, the annual plan has become a mode l 
o f precision and e ff e c t iveness. canon has four guidelines 
for planning: 
The purpos e of p lanning is to help reach the target 
Before deve l op ing a plan, identify the concrete steps 
to be taken and document the feasibility of every 
proposed improvement 
Before implementing an improvement , estimate and 
evaluate the expected results 
Keep everyone i nformed through visual control 
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This means every final plan must be formally announced 
and posted. All employees are taught the importance of 
planning and are given plenty of opportunities 
to practice the plan-execute-plan-execute cycle. (JMA, 1987, 
pp. 53-55) 
d. self-Hanage.ant 
Self-management activities practiced by Canon 
e mployees have the by-product of improving the skills of 
supervisors or managers. Because managers must pay closer 
attent ion to the worker in order to help him or her i dentify 
the worker's own area of concern, they find they pay closer 
attention to improving their own management ski ll s. Self-
management activities at Canon promote individual skill 
development and responsibility within the context of team 
efforts for improvement. Self-management is also a primary 
contributor to waste elimination goals. (JMA, 1987, p. 57) 
e. Hutual Analysis and Counseling 
Canon's Production System is dependent on both 
small groups at the worker level and project centered group 
activ i ties at the foreman level and above. These groups use 
a group activity process illustrated in Figure 9 to set new 
targets. Small groups are self-regulated and consist of 
three or more workers or managers. Everyone in the 
organization will belong to at least one small group. The 
purpose of the smal l groups are to increase profits for the 
corporation, skill l evels for the individual, and to instill 
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a feeling that the work is worth doing. In the project-
centered groups, a cross section of plant managers and 
supervisors reviews problems from one department and 
investigates epportuni ties to make improvements. On the 
basis of advice and counsel received from the project-
c e n te red group, the managers and supervisors i n that 
department then carry out the improvements. These 
pract i c es are so widely accepted that, as a rule, Canon 
emp loyees routinely tour the worK space and write up their 
own observations on a "mutual ana l ysis and counsel sheet." 
(JMA, 1987, pp. 81-89) 
Form 0 !lroup 
SOt II targ .. t 
Pillnme actllllty 
.... nalylG H'eproblem 
Go lor " ew (arqet 
Is-amemberijI" thollqroup 
I Sollioct011011 prOiliom to &01"" I 
I Make sch"dul~. glva to "II 
I Identify lh~ C~UI;GS 
I O<>t"dIllC&.Englneer,..eto 
I All know whHtIs to b .. dofl.I 
Ilsptobl t m !iolved. lor good I 
I ACKnOwl .. daereQllts 
I Aw~rd~ c:~temOlly 
Figure 9. Canon's Croup Activity Process. (JMA, 
1987, Fi gure 6-5 ) 
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f. Awards system 
Canon's award system rewards people who work hard 
and produce excellent results. Each year Canon gives out 
eleven types of awards fo r superior achievement, records 
keeping, waste e limination, and Group activities, etc. The 
highest award is the Premier Workcenter Prize, given to the 
workcenter practicing the most outstanding day-to-day 
management and waste elimination methods. All awards are 
based on continuing process improvement and focus on team 
effort. Promotions at Canon are not part of any system of 
awards; they just happen. Employees pretty much know who 
will be promoted and when. Those that work the hardest and 
show the most ability are usually the ones promoted. (JMA, 
1987, pp. 95-97 ) 
g. Training Program 
Training is conducted at Canon to accomplish 
three objectives; promoting the Canon Production System, 
supporting annual goal achievement, and raising the skill 
level of human resources. Improvement techniques discovered 
in o ne workcenter are made avai l able to other workcenters, 
requiring that courses in Canon Production System basic 
operations be continuously taught. The essential team 
approach is emphasized in every Canon training program 
because company-wide team work is essential to achieving 
resul ts. Although it may appear less efficient, all of 
Canon's policies and procedures are established 
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co llectively. This means that the skills and abilities of 
eac h a nd every employ e e s must continually be developed. 
Tra ining is seen as an opportunity for self-development. 
Methods and tools derived from these training sessions 
provide management and employees with a common language to 
u s e in planning productivity improvement. (JMA, 19B7, pp. 
10)-106 ) 
h. HIT System 
HIT is an acronym that in Japanese means "what is 
needed, when and in th e amount needed, and make." HIT is 
Ca non's version of a just-in-time production system. Using 
t h e Toyota Kanban system as a model, Canon combines a 
continuous flow system with their approach to process 
con trol and work management. continuous flow is promoted 
t h r ough systematizat ion, small lot size, load leveling, and 
pull-by-subsequent -process. Systematization arranges 
pro c esses so that a part can be processed and assembled in a 
s ingl e sequence with as little delay or distance between 
pr ocesses as possible. Work centers are organized to 
c o rrespond with the flow of the manufacturing process. 
Smal l l o t si ze shorten s setup time to make frequent 
changeovers feasible and small lot product ion economical. 
Load leveling averages production volume and variety to 
r educe fluctuations in process load (smoothing production). 
Pul l-by-subsequent-process draws parts from the prev i ous 
p r oce ss only when needed and only in the amount needed. 
These changes have reduced work-in-process. inventories, and 
cost. (JMA, 1987, pp. 117-166) 
i. Quality Assurance fOA} 
The QA system at Canon spans all departments. 
The system gives each department a role in quality assurance 
and establishes reporting channels to ensure effective 
implementation and adherence to standards. Achieving 
quality means focusing improvement at the source of the 
defect. Prevention is the most important role of QA at 
Canon. Preventing the defect before i t occurs is a major 
contributor to eliminating waste. The QA system at Canon is 
heavily dependent on QUality Assurance Flow Charts. Flow 
charts are a tool designed to promote quality from the 
earliest stage of production. These QA flow charts 
essentially break down the manufacturing process into 
detailed quality characteristics for individual components 
and are expressed in t he form of values. Quality standards 
and checking procedures are established through flow charts. 
Inspections are used to ensure these charts are used 
effectively. The QA inspection answers three important 
questions: 
• Are established procedures followed? 
· Are measurements taken to prevent recurring defects? 
• Are standards revised once improvements have been made? 
Thcse inspections are conducted in the fo llowing four areas; 
work standards, QA flow charts, measured values control, and 
measuring instruments control. Inspections are conducted 
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us ing a checkl i st developed for the respect ive process. 
(JMA , 1 987 , pp. 1 9 7 - 2 17) 
j. TSS (Japanese - stop line, now, correct problem) 
stopping the line i s discou r aged in the 
t rad i tional management control system but at Canon TSS gives 
the worker the authority to stop the production line in 
order to pinpoint and elimi nate problems. stopping the line 
is not the ultimate goal of TSS. But stopping the li n e now 
to e limin3te problems will prevent the l i ne f rom having to 
be stopped in the future . Whenever work can not be done 
accordi ng t o work standard s or production rcquirer:tents, the 
worker stops the line, corrective action is taken and the 
li ne is restarted. (JMA, 1987, pp. 169-190) 
)C . Consulting system tor suppliers 
Outside suppliers furn i sh seventy to eighty percent of 
a ll parts used by Canon. Hence, quality of outside-supplier 
parts determine the quality of Canon prod ucts. for this reason 
i t i s ve r y important that Canon select suppliers that will 
c o operate with Canon's qual i ty e ffort. Canon's qua l i ty assurance 
personnel work closely with suppliers and I:lake avai lable the 
impro vement l'.'Iethods and qual ity management t echniques developed 
by Cano n . Canon holds a preliminary consultation with 
suppl i ers selected as cooperating suppliers. The following items 
related to quality are thoroughly discussed and agreed upon: 
Function and demanded quality of the product 
Use and adjustment of measuring instruments and j i gs 
Methods for gathering quality data 
Acceptance testing standards 
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. Handling and packaging 
• Persons to contact in case of problems 
Additionally, Canon personnel provide assistance in the use 
of statistical methods, controls, and improvement techniques 
in rcgularly scheduled ,discussions or visits to the 
supplier. SUppliers that develop a solid quality assurance 
system and score high consistently in acceptance test of 
supplied material are given special recognition. (JMA, 1987 , 
pp. 191-195) 
1. Value Engineering (VE) 
The objective of VE is to ensure that cost-reduction 
and cost-control procedures are built into development and 
production rather than added on an ad hoc basis. In VE, an 
interdisciplinary team measures the current value of a product or 
its components in terms of functions that fulfill user needs or 
objectives . The team then develops and evaluates alternatives 
that might eliminate or improve component areas of low value and 
matches these alternatives with the best methods for 
accomplishing them. (JMA, 1987, pp. 197 - 215) 
VI. GOAL/QPC MANAGEMENT CONTROL SYSTEM MODEL 
GOAL/QPC'S MANAGEMEN'T CONTROL SYSTEM 
OvervieW' of the Structure 
The GOAL/QPe model, is ref lective of a wheel with the 
customer being the focal point or hub of that wheel, see 
Figure 10. This wheel is the mechanism whereby the 
organization watches for upcom ing threats and opportunities 
and avoids being blind-sided. The model allows the 
organization to do the routine well , as well as create 
c ontinuous improvements in systems, processes, and products 
a n d services. (Brocka, 1992 , pp. 122-123) Each element of 
t he model will be explained in subsequent sections. 
Figure 10. GOAL/OPC'S Management Control Mode l . 
(GOAL/OPC , 1989, Figure 1.4) 
2. Customer-Driven Master Plan 
Reflecting the importance of the customer to total 
quality, the GOAL/OPC model is customer driven. The 
customer driven master plan is the hub of al l other 
management control activities and is designed to accurately 
forecast customers' needs, the actions necessary to meet 
those meet or exceed those needs out five to ten years. 
Additional l y, the master plan includes other actions 
necessary during the same five to ten years for the 
organization to transform itself to total quality. (K ing, 
1989 , pp. 1-10; 2-3) 
66 
3. Daily control 
Daily control i s defined as each employee knowing 
what is required of them on a daily bases for the 
organization to run smoot hly and efficiently. Daily 
controls mus t be simple and clear. As the model 
i llustrates, tools used to support daily cont r ols are: 
Statistical Methods 
Working Groups/Quality Circles 
Standard i zation 
a. statistical Methods. 
Statistical methods he l p people make decisions 
based on facts and to understand and control variation. 
St atist i c al t o o ls are needed for general and intermediate 
planning, problem so l ving, and understanding and contro l ling 
variation. (Ki ng, 1989, Chapter I ) Some too l s are more 
useful in the p lann i ng stage while othe r s are inva l uable in 
t he in-process phase. The seven tools (Figure 11 ) 
Flow Charts 
Pareto Charts 
Cause and Effect Diagrams 
Run Charts 
Contr ol Charts 
Scatter Diagrams 
Histograms 
For further discussion of these tools the reader is referred 
to Appe nd ix A. 
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Flgure 11. Seven Baslc Quallty Measurement Tools. 
(Walton, 1991, p. 23) 
b. Work Groups/OC circles. 
In the arena of daily control work groups and 
quality circles foster the team approach to problem solving 
and provide an e nvironment in whi c h people get together to 
work on problems and continuously improve their processes. 
(King, 1989, p. 1-10) 
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c. standardization. 
Simple and clear wr i tten instructions that are 
used on a regular basi s and up-dated when improvements arc 
made, aid the employee i n working effectively and 
efficiently. (King, 1989, p. 1-10) 
4. Hoshin Planning 
Hoshin p lanning i s one of the three majo rs systems in 
the GOAL/QPC model. Hoshin planning helps to control the 
direction of the organization by orchestrating the change 
taking place in the organization. The key to Hoshin 
planning is that it brings the whole organization into the 
strategic p lanning process by a l ign i ng itself top to bottom 
(vertica l alignment) aro und what is i mportant. "Catch ball" 
( see Canon model, Chapte r V) is just one tool used to create 
this alignment. (K i ng, 1989, Gl ossary) 
Another way t o v iew Hoshin plann i ng is to equate it 
to using a road map to plan a tr ip. If you properly plan 
you r trip and use your r o ad map, you wi l l arrive at your 
desired destination. If an organization properly plans i ts 
direct i o n and destination and uses Hoshin (the map ) , it also 
will a rr ive at its desired destination or vision. Hoshin 
pl anning is a vehicle o r means f or continuous improvement. 
a. Continuous Z.prove.ent. 
Continuous improvement requires that the 
o r ganization continually think of ways to do things better, 
implement better i deas, and acqui re the habit of continuous 
improvement. (King, 1989, p. 1-11) Hoshin planning focuses 
the energy of the entire organization on long-term 
competitiveness and ultimately the survival of the 
organization. To accomplish this, everyone in the 
organization must work together on a never-ending cycle of 
process standardization, continuous improvement, and rc-
standardization of the process. The end result of the 
continuous improvement process is major improvements in 
areas of critical importance; such as the quality, 
timeliness, and value of the product delivered to the 
customer. (Moran, 1991, pp. vi, vii) 
b. vertical Teams. 
Vertical teams consist of customers, suppliers, 
creators, and management. Individual team members will have 
specific knowledge of the process for their area of 
responsibility. Therefo re, a vertical team is more likely 
t o have all the necessary information to make decisions. 
The GOAL/QPC model uses vertical teams for planning and 
problem solving. Tools that will be used by these teams are 
the seven management tools. (King, 1989, p. 1-11) 
5. Cross-Functional Manage»ent 
Cross-Functional Management is another element of the 
GOAL/QPC model. Whi l e Hoshin planning is primarily a 
vertical activity, cross-functional management focuses on 
the horizontal activities of the organization. It also is 
used in such a way that all aspects of the organization are 
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well managed and have consistent, integrated quality efforts 
pertaining to scheduling, planning, etc. (K i ng, 1989, 
Glossary) 
Quality Assurance/QUality Functional Deploy.ent 
(QA/QFD) 
The QA system is a tool used for controlling 
q uality horizontally throughout the organization. QFD is a 
tool used to find out what the customer wants and to get 
t hat information to the right people in the organization. 
Th e t wo tools work together to allow an organization to 
identify customer needs and translate them into product 
design and ongoing process improvements. (King, 1989, p. 1-
11) 
b. Horizontal Tea.!>, Infor_ticn Syste., and Audit 
tools 
In cross-functional management horizontal teams 
c o nsisting of customers, suppliers, and people from within 
the organizat ion, come together to manage cri t ical processes 
and systems. The information system and audit tools make it 
possible t o convey the right information, such as that 
obtained thru the us e of QA/QFD, to all the right people and 
to audit the progress of process improvement. (King, 1989, 
p. 1-11) 
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MENTAL MODELS REGARDING MANAGEMEH'I' CONTROL 
1. Mental Models regarding Planning and Problem 
solving 
a. The Planning Syste. is custo.er Driven 
An organization must know what customers wil l want 
5 to 10 years from now and exactly what it must do to far 
exceed all expectations. The fact that the customer driven 
master plan is the hub of a ll other management control 
activities, illustrates this mental model. 
b. Tea. effort is aore productive than individual 
effort. All probleJlJS and challenges are .et by a 
tea. of the aost appropriate people, regardless of 
their levels or job within the organization 
An example of this is that employees will join 
with work groups and are capable of generating 100-200 
suggestions per year (2-4 per week), of which most may 
implemented. The GOAL/ope mode l uses teams as the main 
method for achieving daily control, Hoshin planning, and 
cross-functional management. 
Although strategies arc set by the President/CEO, 
everyone's input is valued 
The Hoshin p lanning section incorporates this 
mental model. The presiden t sets two or three of the most 
important goals fo r the year. Every manager knows these 
strategies and personally determines two or three of the 
most important tasks to help achieve them. Each manager has 
measurable milestones for their activities which he or she 
personally documents and audits monthly, and sends them up 
through the organizatio n to enable diagnosis for continuing 
improvement. 
d. You can't control what you don't .easure 
As the model illustrates, the GOAL/QPe MeS makes 
use o f s ta t ist i c al me thods and other tools such as audits 
and planning tools. 
e. Quality .ust be .anaged daily 
In the Coal/QPC model quali ty and reliabi lity are 
managed and measured daily. Da i ly control or management is 
a system wh i ch enables everyone to know what they have to do 
on a daily bas i s to make the organization run smoothly. It 
is also what everyone has to measure and control to make 
sure this happens. ( Moran , 1991, p. 4) 
Mental Mode ls rega r ding People 
B. E.ployees know and will do their job 
Employees know what they must do to make the 
organization run s moothly. The actions of employees that 
have been empowered need not be documented, audited, and 
updated daily. The GOAL/QPC model assumes that empowered 
employees are capable and in fact do manage their daily 
rou tine . Addit iona ll y, they are capability of adapt ing to 
c hanging situations as required. 
b. E.p1oyees lire capable of analyzing proble.s 
Each employee, given s imple tools t o understand 
variability and data, is capable of analyzing problems and 
managing by facts. The Hoshin planning section of 
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COAL/QPC's model provides employees with tools for 
understanding analyzing problems and thereby managing by 
facts. 
E.ployees know the .ast i.portant variables to 
control 
Every employee in the organization knows the most 
important variables to control in order to meet or exceed 
the needs of the customer and to i mprove the process 
continuously. Additionally, they are capable of documenting 
and updating these standards. Hence, GOAL/QPC leaves dai l y 
control to the creators. 
d. Employees know how to improve their jobs 
Employees not only understand how to do their job; 
they a l so know how to significantly improve their job on a 
regular basis. The GOAL/QPC model assumes that given the 
stat i stical tools and standardization will know how to use 
them for improving his or her job. 
Employees know and regularly co..unicate with 
their suppliers 
Employees know all the people who supply them with 
data or materials and they give these suppliers clear and 
concise advice on how to improve. This is an element of the 
cross-functional management section of the COAL/QPC !"lodel. 
r. Employees strive to continually improve the 
process or product 
Hoshin planning emphasizes that employees and 
management monitor continuous improvement act i vities at each 
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level of the organization. Employees use this feedback for 
improving their skil l s and/or process. 
Mental Model regarding Information 
All e.ployees should have uni_peded access to 
inforJJation 
Empowered employees requ ire unimpeded access to 
Infarnation re levant to their process. Information must 
f l ow sf-lOothly and concisely daily to the peopl e who need it. 
The GOAL/QPC model provides emp l oyees with thi s information. 
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VII. COMMON ELEMENTS OF TOTAL QUALITY MANAGEMENT 
CONTROL SYSTEMS 
The previous chapters examined the Canon and GOAL/QPC 
management control models in order to describe a typical 
specific TQMes. These two examples merely illustrate what 
the authors found during their review of the literature: 
There is no universal method for management 
control among total quality organizations. Each 
organization creates their own unique total quality 
management control system. 
However, there §.ll common elements that can be found in 
all total quality management contro l systems. Each 
organization considering implementing a total quality 
management control system can use these elements as the 
foundation for building its own unique management control 
system. This chapter identifies the common elements shared 
by the Canon, GOAL/QPC, and other total quality manag e ment 
control systems. We begin wi th the underlying " mental 
mode ls" of a total quality management control system. 
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MENTAL MODELS IN TOTAl, QUALITY MANACEMENT CONTROL 
SYSTEMS 
Total q uality management control systems examined 
possessed similar mental !:Iode l s regarding planning and 
problem solving, people, and information. 
1. Mental Models regarding Planning and Proble. 
solving. 
Each member of the organization controls their 
own process. 
Control focuses on the process, not people. 
Total quality management control syste!:ls assume that each 
member in the organization does their best to pursue the 
organization's goals pro vided management does not rob them 
of their pride of work!:lanship. (Deming, pp. 77, 85) 
A shared vision, mission, and values create 
great uni t y and a tremendous commitment throughout the 
organization. They create in peoples' hearts and minds a 
frame of reference, a set of criteria or guidelines, by 
which they will govern themselves and cooperate for the 
attainment of the organization's shared vision. (Covey, 
1990, p. 143) In an organization that has a shared vision, 
values, and mission, creators will feel empowered and will 
do their best in controlling the process for which they are 
responsible. Therefore, managers and c reators !:lust control 
t heir own processes1 the control authority is distributed 
th roughout the organization (Figure 12). (Senge, 1990, p. 
292) The Canon and GOAL/QPC models clearly illustrate this 
c o ncept. 
High 
Mld·Manllgllmont TO!>·Manll~ement 
Figure 12. Distribution of Control Authority in a Total 
Quality Organization. 
b. Each organizational level has so-e _anage-ent 
authority, although, the higher the leve1 the 
.more .anage.ent authority it has. 
In a total quality organization, creators 
possess some degree of management authority. As ment ioned 
in the previous mental model, creators have the control 
authority to control their processes. When process problems 
arise, the total qual ity organization delegates some 
management authority to the creators to ,deal with the 
problems. For example , if a prodUction process where a 
filter is installed on an engine, goes out of statistical 
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control, i t might be necessary to stop that line and change 
the procedure by which the filter is installed on the 
engine. The authority to stop the production line is 
managerial authority. Changing the procedures is also a 
managerial activity (as defined in Chapter I). In a total 
quality organization, the authority to take these actions is 
partially delegated to creators and lower levels of 
management (Imai, 198 6. pp. 3 , 14). 
Planning, in a total quality organization is 
another managerial activity in which creators participate. 
For example, both the Canon and GOAL!QPC models use the 
"catch ball" technique to facilitate participation of 
creators in planning. 
In a total quality management cont rol system 
al l levels of thc organization have a degrce of managing 
authority !;;ince a ll l evels of the organizat i on take part in 





Figure 13. Distribution of Management Authori ty in a 
Total Quality Organization. 
An organization can achieve JDOre than the su. 
of its sub-units achieve.ents. 
There is a system of interdependence between 
and within all sUbdivisions of an organization. 
Subdivisions within a total quality organization a re well 
coordinated and support each other in pursuit of a common 
mission. Therefore, as a cohesive group, sub-divisions can 
achieve far more than the sum of their individual 
achievements. As an example of a system that is 
interdependent or well-opt imized, Dr. Deming uses the 
example of an orchestra. The players are not there to play 
solos, each player tries to support the others. 
Individually, they may not be the best players in the 
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c o untry, but together they are great. Li kewise, the 
i ndi v idual divisions of an organizat i on are not solo acts, 
b u t rat he r, they are interdependent. (Deming, 1992, p. 65) 
Fo r instance, a major element of the GOAL/QPe model is the 
emphasis o n cross-functional management. 
d. Even if we know what the sy.ptoas are, it is 
still a co.plicated task to define the root 
causes of organiZational proble..:;. 
The cause of a probl em might be far removed 
from the symptom which indicates the problem; moreover. one 
action might have dramatically different effects in the 
short run and the long run. (Senge, 1 990, p. 7 1 ) Common and 
spec i a l causes must be i dentified and isol ated otherwise 
there will be confusion and frustration throughout the 
organi2ation because the wrong problems will be taken care 
of. This confusion and frustrat i on wi ll l ead to greater 
variability in the end product and higher cost, exactly 
c ontrary to the desired organi2ational objectives (Deming, 
1986, pp. 31 4-315). 
Total qua l ity management contro l systems use 
the Deming cycle to map out every conceivable event or 
contingency that can occur (King, 1989, pp. 4-28). They 
establish soph i sticated methods to analyze problems and 
identify the root causes f o r these prob l ems. (Cohen, 1993, 
pp. 76, 1 16) Al though not explicitly mentioned, the fact 
that TQMCS expend scarce resources towards identifyi ng root 
causes illustrates the importance they place on this effort. 
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2. Mental Models regarding People 
Managers ",ill exercise self-direction and self-
actualization toward achieving objectives to 
which they are coaaitted; this cannot be 
aeasured by a short-tera quantitative standard. 
As previously mentioned in Chapter IV, an 
o rgan i zationa l vision -- one that reflects the deep shared 
vision of a manager or c reator -- will bring out 
extraordinary comml tment from that manager or creator. 
manager or creator who feels ownership of an organization's 
vision, values, and strategy wil l be motivated to fully 
support that vision, values, and strategy. In total quality 
management contr o l systems managers (and creators) are part 
of the proces s for developing the vision, mission strategy 
and values. As a result, they are deeply committed to 
accomplishing the organization's miss ion . Therefore, as 
committed managers they will exercise self-direction and 
actualization (Covey, 1990, p. 143). Both the Canon mOdel 
(Chapter V) and GOAL/QPC model (Chapter VI) used tra ining 
and empowerment to foster self-direction and actualization. 
b. All of an organization; s .re~rs should 
participate in the planning and continuous 
i.proveaent processes. 
The total quality management control system 
empowers creators and managers by encouraging them to 
participate in the process of continuing improvemen t (Imai, 
19136, pp. 3,14). As an example; the management control 
systems of Japanese corporations measure the number of 
suggestions given by line workers (Imai, 1986. pp. Ill, 
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124 ) . I n Chapter V, we saw that the Canon model had 
deve l oped a subtle mechanism for p l anning that involved all 
levels of the organization. The same is true a l though in a 
slight l y lesser degree i n the GOAL/QPe model. Since 
everyone in the organization participates in the decision 
making process, better ideas are generated and people are 
more highly committed. 
Mental Model regarding Information 
Host ot the i nforaation essential to aanaging 
and controlling an organization can be gathered 
in the tora ot processes' pertoraance. 
The total quality management contro l systems 
assume that people will do their best for the company, 
h e nce, there is no need to measure individua l performance. 
Furthermore, performance measurements tend to encourage 
managers and creators to "pl ay by the numbers" which results 
i n inefficiencies. Total quality management control systems 
d o not use performance measurements, instead, they measure 
processes and qual i ty. For example i a creator is not 
measured against a quota, but rather, the creator measures 
the quality (as defined by his internal or external 
customer) of his or her process while the creator's manager 
may measure the quality and arrival schedule of raw 
materials needed for that process (Masaaki, 1986, p. 46). 
8. VISION 
Total quality management control systems emphasize 
shared vision as an important element of the ir control 
system (Senge, 1990, pp. 205, 232). Once a vision is shared 
( not imposed but inspired by management), people in the 
organization feel ownership for it. Since people 
own the vision, they direct themselves toward the vision, 
they do not need a manager to control them. Canon's vision 
is described in Chapter V. In the GOAL/QPC model the 
Customer-Driven Master Plan provides the vision. 
c. VALUES 
Values are a set of criteria by which people in the 
organization can judge and decide what can and can't be done 
on the way to obtaining the vision. For example, a company 
that adopts a value of a clean environment would not poll ute 
a river flowing nearby. This company will not pol lute, even 
if polluting did not violate the law and would save the 
company a l ot of money. Values limit the space through 
which a company moves towards its vision. 
A tota l quality corporation has a shared set of values. 
As an example of values, an organization may value its 
employees to the point of providing lifetime employment. If 
values are shared by the entire organization, fewer 
management controls are needed. In the Canon and GOAL/QPC 
models, creators are valued for their know ledge and have 
input into the organizations vision, goals, and strategies. 
An organization's values create a path for the organization 
t o follow while pursuing its vision. This path is further 
d e fined by strategy and goals. 
D. STRATEGY 
Strategy is congruent with vision and is positioned 
within the shared values of the organization. A total 
quali ty organization has a shared long-term plan (a 
s t rategy) directed at enhanci ng its cornpeti ti veness. 
example, one part of a strategy might be to concentrate on 
one line of products a nd differentiate from other 
manufacturers by superio r quality and service. The process 
o f creating a long-term plan and strategy is a top-down and 
bottom-up process. The process is led and inspired by 
management but i nputs from all the organization's members 
are incorporated in the plan. As a result, people 
unders tand the strategy and are committed to accomplishing 
i t. Therefore, managers at all levels are likely to make 
the right decisions in pursuing the strategy. 
Both the Canon and GOAL/QPC models require management 
to use "catch ball" when developing strategic plans. The 
process of setting strategies in Canon is i nit iated and led 
by t o p manage!:tent but everyone's input is u l timately 
incorporated in the strategies. 
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Total qua l ity management control systems also establish 
goals and objectives which are a compass or a road map for 
accomplishing the strategy. 
E. GOALS AND OBJECTIVES 
Specific goals and objectives are determined and 
measured by both functional and interdisciplinary teams. 
Team members, those tasked with accomplishment, set goals 
that ensure the organization is follow i ng its strategy 
toward the vision and within the values, and determine 
process measurements necessa ry to ensure that goals are met. 
Some examples of possible specific goals and objectives are: 
To deliver ever y o r der within a month from the day 
ordered by the customer. This goal would be determined 
by a team whose members were from; sales, production, 
materials, shipment and suppliers 
To reduce l ast year's product failure rate. 
Representatives from R&D, engineering, production, 
materials and supp l iers might set this goal 
To shorten the service reaction time of l ast year. 
This goal would be discussed and set by the service 
departments; service engineers, service dispatchers and 
operators 
To reduce factory air pollution by 80%. People from 
manufacturing, R&D, and government environment agency 
set this goal 
Canon's self-management activities and small groups 
participate i n managing the day to day routines of the 
organization such as setting short term-goals and 
measurement of processes. Canon's detai led planning 
procedures also incorporate input from creators as well as 
from managers. The GOAL/QPC model, like Canon's, uses both 
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funct ional and interdisc iplinary teams to set goals and 
plans. 
F' • CENTRALITY OF THE CUSTOMER 
Total quality !!Ianagcment control systems place the 
customer in the focal point of attention. A "customer" is 
not only the ultimate customer who purchases the product, 
but is every person, team, or unit that receives a product 
or a service in the process of converting inputs to outputs. 
A customer inside the organization is an "internal customer" 
and a customer outside the organization is an "external 
customer." Quality is defined as customer satisfaction, and 
the goal of everyone in a total quality organization is to 
strive towards increasing external and internal customers' 
satisfaction. "Quali ty should be aimed at the needs of the 
consumer (customer), present and future." (Deming, 1986, p. 
5) Every unit, team and individual has to measure their 
customers' satisfaction. 
AS was shown in Chapter VI, customers are central to 
the GOALjQPC model. Canon's vision in Chapter V is to be a 
world-class or premier corporation. Its company wide goals 
of striving for the best quality, the lowest cost, and 
fastest delivery anywhere are all central to customers' 
needs. 
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G. LONG TERM SUPPLIER RELATIONSHIPS 
suppliers, like customers, might be external or 
internal. Total quality management control systems build 
long-term relationships with suppliers based on mutual 
trust, not on the lowest bid. A supplier is measured first 
on the quality of his materials, with special attention to 
variation, schedule, and quantity. Cost is the secondary 
consideration. The supplier is responsible for measuring 
all the factors mentioned above on his or her own. The 
org anization is expected to share information regarding 
current and fu t ure products. When suppliers and customers 
form partnerships it becomes a win win situation for both. 
(Deming, 1986, pp. 31,32) 
At Canon, outside suppliers furnish seventy to eighty 
pe rcent of all parts used. For this reason it is very 
important that Canon select suppliers who will cooperate 
wi th Canon's quality effort. Canon's qual i ty assurance 
personnel work closely with suppl iers to make the 
improvement methods and quality management techniques 
developed by Canon available to them. This close working 
relationship can only be accomplished by establishing a 
climate of mutual trust and long-term support. 
The cross-functional system of the Goal/QPC model also 
requires a long term commitment from the. supplier and 
organization. 
H. MEASUREKBNTS 
Measurements are the means by which an organi zation 
develops a shared perception of reality. Scnge describes 
the perception of real i ty as a "cornmi tment to the truth." 
He says that a cOr.'lmit!:lent to the truth "means continually 
broadening our awareness, just as the great athlete with 
extraordinary peripheral vision keeps trying to see more of 
the playing field." (Senge, 1990, p. 159) 
A total quality management control system continuously 
strives to improve the accuracy of its perception of reality 
through the extensive use ot measurements. Measurements arc 
mostly accomplished by the people who work in the process 
being measured. Each organizational level, c r eators and 
managers I decide what and how to I:leasure the processes they 
arc responsible for. Creators, as well as managers , are 
empowered to act on the information provided by their 
measureI:lents. If a process goes out of control they 
investigate the root causes and determine how to reI:ledy the 
situat i on. S i nce measurement is used as a tool for 
continuous improvement vice evaluation, the probability of 
r.tanipulation of data to provide the best possible picture 
reduced. 
For example, a team that serves food in a fast-food 
restaurant might decide to I:leasure how long the que is in 
the restaurant. Once the que length is longer than the 
upper limi t they wil l act to correct that prob l em. If the 
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que is shorter than the lower limit they will investigate 
the causes. If applicable, they will change procedures and 
pol icy to keep the que short, 
The Daily Control portion of the GOAL/QPe management 
control system illustrates this focus on measurement through 
the use of standardization and statistical methods. Canon's 
Quality Control is interested in the quality of the process 
and only examines whether a process is well documented and 
measured. Actual measurement is done by the process owner; 
the team or the person to which the process is assigned. 
A detailed discussion of measurement as it relates to a 
TQMCS is provided as Appendix C, 
I. FIRST-HAND DATA COLLECTION 
Deming says that a company should not run on visible 
figures alone . (Deming, 1986 . p. 121) First-hand data 
collection is a means by which management collects non-
numerical data. 
Total quality management control systems form means by 
which top management collects first-hand information. Top 
management must balance the information they collect between 
formal reports, meetings with external customers, meetings 
inside the organization, tours of the different subunits and 
informal discussions with people allover the organization. 
As described in Chapter V, Canon uses the "Doctor Round" as 
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a means by which top management can get first-hltnd 
impressions. 
J. FREE FLOW OF INFORMATION 
Deming's ninth point is "break down barr iers between 
stltff Itreas." (Deming, 1986. p. 62) As mentioned above, the 
!:lost i!:lportltnt !:Ieltsurement at Itll levels of It total quality 
management control system is customer slttisfltction. 
measure internal customer satisfaction a free flow of 
information inside the organization is necessary because 
teams must measure the next team's satisfaction. 
The free flow of infor!:lation is also important to other 
aspects of the TQMCS. creating shared strategies and 
setting shared goals and objectives requires free flow of 
information; otherwise it is impossible to coordinate many 
inputs into a sound cohesive plan. 
The Canon model in Chapter V assumes that continual 
improvement translates to change and growth. For an 
organiZation to have both growth and change, it must also 
have thorough and continuous sharing of informat ion . In the 
Canon model, shared information must be concrete, objective, 
and sufficiently detailed to promote growth. 
The GOAL(QPC model in Chapter VI assumes that 
information allows creators and managers to operate and make 
fac t based dec i s i o ns. 
K. AN ILLUSTRATION OF THE COMMON ELEMENTS OF TOTAL QUALITY 
MANAGEMENT CONTROL SYSTEMS 
Figure 14 illustrates how an organizat ion pu rsues i ts 
vision within the constra i nts of its stra t egies and values. 
Shared vision, serves as a common destination . Top 
management inspires the vision-setting; they do not i mpose 
the vision on the organization. Therefore, people 
throughout the organization feel ownersh i p of the vision and 
they direct their activities toward attaining it. Values, 
as seen in Figure 14, are used as boundaries within which an 
organization moves t oward its vision (The r e are conceivably 
other means that could serve the purpose of moving toward 
the vision, but, they wi ll not be used if outside the 
boundaries o f the shared values). Va l u e s , l ike vision, 
inspired, not imposed. 
strategy, is a se t of long-term p l ans that can be 
presented by a network of roads t hat lead to the v i sion. 
All of the roads must be within the values' boundaries. The 
process of setting a strategy is top-down and bottom-up. 
Input s from al l organization members are incorporated. 
Goals and objectives are the exact paths that an 
organization follows in pursuit of its s trategy and vision. 
Set ting goa l s and objectives r equire enormous amounts of 
information from inside and outside the organization. The 
p r ocess of setting Goals and object ives is illustrated in 
Figure 15. S i nce vision, values and strategy arc shared, 
lower levels of managers and creators can determ i ne goa l s 
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and objectives congruent with the organizations' strategy. 
setting goals and objectives in a Total quality management 
control system is a bottom-up and top-down process. 
Once the desired path is determ i ned, it i s necessary to 
evaluate where the organ i zation is i n relation to its goals 
and objecti ves; to evaluate its current situation. A Total 
quality management control system develops a method by which 
an organizat i on creates a shared perception of rea l ity. 
Every person (or a team) measures the process which he owns. 
The process is measured, not the person, and everyone 
measures his process, not the process owned by his 
subordinate. Al l the information collected i n all l eve l s of 
the organization is the "shared perception of reality. n 
since everyone measures his process, there is no incentive 
to manipulate the numbers. Therefore, in a Total quality 
management control system, the shared perception of reality 
tends to be accurate and objective. The importance of an 
accurate perception of reality cannot be over emphasized. 
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Figure 14. How an organization pursues its Vision wi thin 
the Constrains of its strategy and Values. 
Figure 15 explains the goals, objectives, and paths 
illustrated in Figure 14. Figure 15 demonstrates thc 
complcxity of setting goals and objectives due to the need 
for enormous amount of relevant information. In order to 
use all thc relevant informa tion effectively, thc process of 
setting goals and objectives must be decentralized and 
delegated to lower levels of the organization. The vehicle 
for this demonstration is a simplified process of developing 
and producing a new product. Under the horizontal axis 
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severa l departments are listed, as well as, customers and 
suppliers of the organization. Stages of development are 
listed along the vertical axis, starting from pure research 
and ending in production. Each goal is represented in 
Figure 15 as a numbered dot. Goals. numbered 1, 2, 6, and 
13, are under the responsibility of the research and 
development (R&D) department, goals number 5 and 11 are 
under production' 5 responsibility, etc. 
Before one accomplishes a goal, they must receive some 
inputs that wi ll allow them to complete the tasks required 
to accomplish tha t goal. For example, for R&D to conduct 
research and development, the Treasurer must fi rst provide 
funds. As another example, before production starts, R&D 
has already delivered detailed information about the product 
and related systems t o Production. Also, Marketing must 
create demand for the new product before the product reaches 
the market (Marketing "deliVers" the customers for the new 
p roduct) . 
Information is only one of many types o f input. In 
Figure 15, two ki nds of information are illustrated: product 
information (pi ) , which is information that describes the 
product: and, general information (i), which i s information 
necessary for the process of developing and manufacturing a 
new product. 
The grey lines shown in Figure 15 represent the paths 
thro ugh which information flow through the customer-supplier 
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chain. These paths are labeled as to the type of 
information (pi or i) supplied to a particular customer. 
Goal number 1 specifies a research target. This stage 
is done by R&D. Though, funds come from the controller 
(or treasurer) 
Goal number 2 specifies an early stage of a development 
target. Information from all other departments and 
suppl iers and potential customers is needed to 
accomplish this target ( ieogeneral information) 
Goals number 3 through 8 are mid-development targets. 
All participants need information about the planned 
product (pi;product information), so that they can gear 
themselves up for production 
(Goals number 9 through 15 represent the end of development 
and beginning of production.) 
Goal number 13, R&D must deliver all product related 
information to production department 
Goal number 9, Suppliers must be ready to supply 
materials for production 
Goal number 10, The service department must be ready to 
deliver service to customers 
Goal number II, The production department must produce 
the products 
Goal number 14, The controller must fund activities 
related to the introduction of the new product 
Goal number 15, Marketing department makes sure that 
customers are ready to purchase the product 
As mentioned above, this example is simplified. 
"real" process of development and production is much more 
complex. It requires an interdisciplinary team which 
constantly interacts during the process of development. An 
enormous amount of information is transferred inside and 
outside of the company. Many formal and informal goals and 
objectives must be met. No one controls the entire process. 
A total quality management control system allows people who 
do the work to set goals and to coordinate activities. 
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Management and the development team decide when the new 
product must be ready for shipment . Then, the team takes 
control of development and occasionally informs management. 
since the process is controlled by those who actually 
do the work, they have all the necessary information to 
contro l and to accomplish their goals. 
pi- prud"criniOlmation ,-,e l~ I ~,." 
i - inform~tion , , / cUStomer& 







SI1ppil"r S"'\ltce P,oouClloo Afl.D ContrOller Marke tinR Cu~tomerG 
Yigurc 15. An explanat ion of the Goals and Objectives 
depicted in Figure 14. 
L. CHAPTER SUMMARY 
A total qua l ity management control system is a product 
of mental mOdels (see section A of this chapter). Its 
distinctive characteristics are: 
• A shared vision, shared values, and shared strategy 
. Goals and measurements are set and performed by those 
who actually do the work 
Contro l , under this approach, is a function of and exercised 
by teams or individuals who actually accomplish the task. 
Management does not control the creators, but rather, 
management "leads people" and "manages the organization," as 








Figure 16. Levels of Control and Managing Authority in a 
Total Quality organization. 
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A COMPARISON OF TRADITIONAL AND TOTAL QUALITY 
MANAGEMENT CONTROL SYSTEMS 
Management control systems can be described as existing 
wi thin a mul tidimensional space. Each dimension can be 
thought of as one attribute of a management control system. 
An attribute may be wholly, partially, or not possessed at 
all. For example, in the context of this thesis "strategy" 
is a dimension. We can measure a management control system 
against its posture towards strategy. Another dimension is 
"values." We can also measure a management control system 
against its posture towards values. Each mental model is 
also a dimension (control authority, management authority, 
goal congruence, problem solving, etc.). This Chapter 
compares traditional and total guality management control 
systems wi thin these dimensions. 
Dimensions important to either management control system 
were chosen for the analysis. These dimensions have been 
previously described in detail in Chapters III and VII, and 
will be synopsized in this Chapter. For ease of analysis 
and reader understanding, the dimensions have been organized 
into categories and groups. Groups contain one or more 
dimensions and categories contain one or more groups (Table 
2). In the next section, the various categories of analysis 
are listed along with their associated groups of dimens i on. 
See Tabl e 2. 
TABLE 2. ORGANIZATION OF CATEGORIES, 








CATEGORIES OF DIMENSIONS 
1. Mental Model category 
The mental models discussed i n Chapters III 
( tradi t iona l management control systems) and VI I ( common 
elements of total quality management control systems) are 
compared in this category. 
a. The Group of Diaensions that deals with Hental 
Hodels regarding Planning and Proble. Solving. 
The Control authority dimension 
The Management author i ty dimension 
The Goa l congruence dimension 
The Problem solving dimension 
b. The Group of DiJaensions that deals with Hental 
Mode ls r egarding People. 
The Managers' motivation dimension 
The Line workers' ro l e i n the organization dimension 
c. The Diaension that deals wi th the Hental 
Hodel regarding Information. 
The Information dimen sion 
2 . Planning Category 
Under the planning category we list all dimensions 
that relate to future activities of the organizat ion . 
the organization wi ll perceive of i tself in the future, its 
future plans and activities, and any l i mitations on those 
activities are all examples of dimensions within the 
planning category. 
The dimension of Vision 
The dimension of Values 
• The dimension of Strategy 
· The dimension of Goals and Objectives 
3. The Relationship of customers and Suppliers 
category 
This category deals with the dimensions that 
describe relationships between the organization and its 
customers and suppliers. Customers and suppliers might be 
external or internal to the organization, see Chapter VII. 
• The dimension of Customers 
• The d imension of Suppliers 
4. The Measurement category (a one Dimension Category) 
The measurement category consists of only one 
dimension, the measurement dimension. The measurement 
dimens ion deals wi th several aspects of measurement which 
were discussed earlier in Chapters III, VII . The two 
management control approaches to measurement wi ll be 
compared. 
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The Control Practice Category (a one Dimension 
category) 
This dimension was earlier defined under mental 
models. Here, however, the question of "who, in practice, 
real ly controls the process?" is examined. 
6. The Incentives Category (a one Dimension Category) 
The two management control systems (traditional and 
total qua lity) will be compared on their approach to 
incentives with in the organization. 
7. Information Flow Category (a one Dimension Category) 
I nformation was previously addressed in mental 
models. But, under mental models the question was, "What 
information should management collect?" Here, the question 
of how that information flows within the organization is 
covered. 
The dimension of Freedom of Information Flow. 
• The diI!lension of First-Hand Data Collection. 
THE MENTAL MODELS CATEGORY 
1. The Group of Dimensions concerned with Mental 
Models regarding Planning and Problem Solving 
a. The Di.ension of ·Control Authority.-
The traditional model: Only top management controls the 
organization 
The total quality model: Each member of the 
organization controls their own process 
Control as defined in Chapter I includes comparing 
an objective to a desired model. Though, traditional and 
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total quality management control systems both control the 
organization, they do so at opposite ends of a continuum as 
far as control authority is concerned. While an extreme 
tradi tionalist manager controls every action of his 
subordinates (Chapter III), an extreme total quality manager 
deals very little with control (Chapter VII). As Figure 17 
illustrates, the TMCS and TQMCS are on extreme ends of a 
continuum regarding control and authority. 
b. The Di.ension of Hanage.ent: Aut:horit:y. 
The traditional model: Only management manages the 
organizat:ion 
The total quality model: Each level has some management 
authority although, the higher the level, the more 
management authority it will have 
A traditional manager does not delegate any 
management authority to the levels of line workers and first 
line supervisors. A total quality manager delegates 
management authority to lowest level of managers and 
creators on the factory floor. Traditional management 
acti vi ties such as control, process improvement, procedures 





Figure 17. Degree of Managing and Control Author ity 
in Trad i tional and Total Quality Organizations. 
As Figure 17 shows, the total qual i ty management control 
system de legates management authority to all levels of the 
organization , whereas, the traditional management contro l 
system reserves managemen t authority for top management. 
c. The Di.ension of Goal Congruence . 
The traditional mode l : An organ i zat ion ach_ieves its 
object ives if the sub-units achieve their assigned 
objectives 
The total quality model: An organization can achieve 
more than the sum of its sub-units 
A t otal quality management control system 
encourages cooperation between different segments in and out 
of the organization. The total quality culture commands a 
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close relationship between the organization, its customers, 
and suppliers. These re l ationsh i ps aid in breaking down any 
barriers that might exist within the organization. On the 
other hand, traditional management control systems create 
competition between different units. Each unit in a 
traditional organization tr i es to make its numbers look 
better than the other units and sometimes at the expense of 
the other units. For example managers might have 
confrontations over overhead allocation or transfer pric ing. 
Each manager wants his col l eagues to incur a larger part of 
the costs. 
In an extreme total quality organization it might 
be hard to di s tingu i sh the organizational lines separating 
the different divisions. Managers and creators will 
cooperate by sharing resources and help i ng each other. 
Conversely, in an extreme traditionally managed organization 
the boundaries between divisions are clear and solid, 
resources are transferred from one divis i on to another only 
after approva l from a higher level of inVOlvement, everyone 
tries to improve his or her results. 
d. The DiJlension of Proble. Solving. 
The traditional model: If we know what the symptom is, 
we can easily identify the source of the problem 
The total quality model: Even if we know what the 
symptoms are, it is still a complicated task to def i ne 
the root causes of the original problems 
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Tot al quali ty management control systems expend 
considerable resources inquiring into processes in order to 
define the real problems and their root causes. In 
contrast, traditional management control systems deal most 
often strictly wi th symptoms. A traditional ist manager, 
like a total quality manager, understands that root causes 
of a problem must be corrected. But, they tend to identify 
root causes intuitively, usually without the aid of 
statistical tools . As stated in Chapter III, traditional 
management control system theory does not provide the tools 
required for a t horough analysis of root causes. Therefore, 
the trad i tional end of the problem solving continuum deals 
primarily with symptoms while the tota l quality end 
addresses root causes analysis and tries to detect problems 
before the symptoms appear. 
2. The Group of ni.ensions concerned with Mental 
Mode ls r ega rding People 
B. The Di.ension of Manage r's Hotivation. 
The traditional model: The best method to evaluate and 
motivate mangers is to measure their performance using 
quantitative standards. 
The total quality model: Managers will exercise self-
d i rection and self-actllalization toward achievi ng 
objectives to wflich they are committed; this cannot be 
measured by a short-term quant i tative standard. 
While top management in traditional organizations 
motivates managers by using the "carrot and stick method," 
total quality management control systems motivate through 
shared vision, values, strategy, goals, and ob j ect ives. In 
the total quality culture the belief is that once a manager 
participates in the process of decision making and his or 
her inputs are incorporated into the outcomes, he or she 
will be committed to pursuing the company's vision. 
Hence, traditional management control systems can 
be recognized by a well deve l oped set of performance 
measurements with each manager's compensation predicated on 
these measurements. Managers, knowing that they a r e 
measured and compensated by these criteria, are then 
motivated to do their best to impr ove their pe r formance. 
contrast, total quality management control systems can be 
recognized by a well developed set of process and quality 
measurements. The tota l quality organization that lies to 
the extreme end of the management and control continuum wil l 
not measure performance of individua l s, Deming's third 
dead l y d i sease (Dem i ng, 1986, p. 98). 
b. The Di.ansion of the Line Workers' Role in the 
Organization. 
The traditional model: There is a clear division of 
roles in an organizat i on: top management plans and 
controls, middle management controls and line workers 
do. 
The total quality mOdel: All the organization members 
participate in planning and improving processes. 
The traditional management control system 
percei ves workers as a necessary commodity for doing 
business. S i nce this commodity has a cost, management will 
try to cut those costs as much as possible. Furthermore, 
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sinc e management purchases on l y the labor commodity, 
employees are not expected to participate in "thinking" 
acti v i ties . Employees under the traditional system are 
hired to work , not to think. 
The total qua li ty management control system 
delegates a l arge degree of control and management authority 
to the c reators (line workers) and middl e ~anagement. These 
i ndiv i dua l s have been empowered with this authority and 
control and are therefore expected to think. Because these 
i ndividuals have authority and control, fewer l ayers of 
management are needed, people are highly committed, and 
better ideas are generated. Total quality management 
control systems tend to be much leaner in terms of personnel 
resources than traditional manageMent control systems. 
3. The Group of Dimensions concerned with the Mental 
Model r egarding Information 
The tradit i onal model: Most of the information 
essentia.l to managing and controll i ng an organization 
can be gathered in the form of sub-unit and indivi dual 
performance. 
The total quality model: Most of the information 
essent i al to managi ng and controlling an organizat i on 
can be gathered in the form of process performance. 
AS discussed in Chapter III, traditional management 
control systems use sophisticated measurements to evaluate 
the performance of managers and subunits within the 
organization. This information is gathered in the form of 
subunit and individual performance and flows up to top 
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management. Numerical goals and objectives are communicated 
down from top management to the mid-managers and creators. 
Information in the total quality management control 
systems is not used to measure individual or sub-unit 
performance. Traditional information concerning transfer 
prices, cost centers, profit centers, revenue centers, and 
investment centers is not developed or utilized. Total 
quali ty organizations cannot nor do they ignore information 
concerning financial performance. Primarily, financial 
performance measurements are for the use of top management 
and shareholders. Financial measurements in a total quality 
organization are used to measure the organization as a 
whole, not to measure sub-unit or individual performance. 
Non-financial information concerning processes performance 
is used by TQMeS. One example of this type of information 
might be measuring external or internal customer 
satisfaction. 
On the trad i tional end of the information continuum, 
information is extracted to measure individual or sub-unit 
performance. On the total quality end of the information 
continuum, information is extracted for the purpose of 
measuring processes, quality, and performance of the 
organization as a whole. 
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A COMPARI SON BY DIMENSION IN THE PLANNING CATEGORY 
The Dillension of Vision 
'" traditional organization might have a vision 
s t a tement even though the traditional management control 
theory does not deal wi th developing a shared vision. 
However, as previously discussed in Chapter VII, the total 
q ua l ity management contro l system emphasizes the importance 
of a shared vision in the organization. 
2 . The Dimension of ValUe 
Every organizat ion has values, either implicit or 
explicit. A street gang for example, wil l have va l ues, they 
may not compare with t hose of an ordinary ci ti zen but there 
wi l l be values f or that gang. For example, the gang may 
value mutual he lp or achieving a specific objective at any 
price. organizations with tota l quality ma nagement control 
systems deve l op their own un i que set of shared, explicit 
va l ues. Some values (such as honesty within and without the 
company) wil l be COll\JUon to most tota l quali t y organizations. 
Although the va l ues may not be the same, the existence of an 
explicit set of shared values is common to all total quality 
organizations. An explicit s et of values i n a tradit iona l 
organization, however, wi ll most l ikely, be dictated by 
management. 
If an organization has an explicit set of va l ues 
which are s hared by most of tIle organization's members, that 
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orgaIlizatioIl will lie toward the total quality end of the 
values continuum. 
J • The Dimension of strategy 
At the total quality end of the continuum, each and 
every member of the organization contributes to the 
formation of the organization's strategy. Critical and 
strategic decisions are initiated and led by the higher 
levels of management, but input from all the organization's 
members are incorporated into those decisions and 
strategies. Goals and objectives in a total quality 
organization are usually set in a bottom-up process. 
However, under traditional management control, strategy is 
dictated to the organization by top management. 
The content of the strategy will also be somewhat 
different at each end of the continuum. The total quality 
organization tends to incorporate the "process" part in its 
strategy in addition to focusing on end results such as 
profit or market share. For instance, a total quality 
organization will most likely incorporate in its strategy 
elements like improving its relationship with suppliers and 
customers, improving communication within the organization, 
or improving worker's skills in team work. The traditional 
organization will be mainly concerned with end results or 
the bottom line and have little focus on processes. 
4. The Di. ension of Goals and Objectives 
A tradi t ional organization involves middle and upper 
ma nagers in the process of setting goals. A total quality 
o rganization will get all members of the organization 
i nvolved in this process, because, the setting of goals is 
viewed as a bottom up process. Hence, on the traditional 
management control end of the continuum, goals will be set 
by top and middle management. At the tota l quality 
management contro l end goa l s are set by teams of employees 
and mi ddle management. 
D. A COMPARISON BY DIMJ::NSION IN THE CUSTOMER AND SUPPLIER 
RELATI ONSHIP CATEGORY 
1. The Di.ension of customers 
Both management control systems attri bute great 
i mportance to customer satisfaction and both systems 
encourage managers to measure it. Total quality management 
contro l systems, however , expand the term "customer" to 
everyone who receives anything in the process of creating 
the product or service. Therefore, the total quality 
approach measure internal and external customer 
satisfaction. Traditional management control systems, if 
they measure customer satisfact ion at all, will normally 
measure external customers. 
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2. The Dimension of sUppliers 
Both traditional and total quality management 
control systems measure cr i terion standards : :lr materials 
received from suppliers . The traditionalist ... ill emphasizes 
cost and quantity and quality within a set of specifications 
while total quality systems emphasize quality, minimum 
variation, and timeliness as the most important criterion 
standards. 
Total quality organizations work with suppliers to 
ensure these cr i terion standards are met. Furthermore, a 
total quality organization will create a partnership with 
its suppliers. Information will be freely exchanged and 
inspection of incoming materials will be the responsibility 
of the supplier. 
E. A COMPARISON BY DIMENSION IN THE MEASUREMENT CATEGORY 
Table J summarizes the approach to measurements by both 
types of management control systems. 


















As one can readily see, and, as is extensively 
documented i n Chapter VI I, total quality management c ontro l 
systems do in fact measure the "bottom-line." However, the 
primary focus of their efforts is on measuring the 
performance of the process, which is not necessarily 
financial i n nature. In contrast, the traditional 
management control system mainly measures financial 
performance. The two systems also differ in who measures: 
s t aff accountants verses people who own the processes; and 
who uses the measurements: management verses people who own 
th e processes and are empowered to make changes to them. 
F . A COMPARISON BY DIMENSION IN THE CONTROL PRACTICE 
CATEGORY 
Both management contro l systcI:Is contro l the o r ganizat i on 
in such a way as to ensure the organization remains on the 
right track. However, in a traditional system, each level 
of management measures the performance o f its subord i nates; 
control is achieved thr ough an e l aborate network of reports 
flowing up from the bottom up, (see Chapter III). 
Conversely, in a total qua l ity environnent, each individual 
or team measures and controls i tse l f or themselves, ( Chapter 
VII ) . 
Another significant differenc e between the two systems 
is the de l egation of authority: a traditional organization 
limits i t s members authority as a tool for control (Chapter 
III ), while tot a l quali ty organizations de l egate as much 
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authority as possible to the people that actually do the 
work., (Chapter IV, V, and VII). For example, in the 
traditional organization a department manager must approve 
changes in procedure (a tool for maintaining control over 
his department), while in total quality organizations, line 
supervisors can approve these changes within certain 
guidelines. 
These differences have a profound effect on the 
organization. Management, in total quality organizations, 
spends much less time on "contr~ l ," relative to that of a 
traditional organization. In the total quality organization 
people feel more empowered since no one is constantly 
look.ing over their shoulder to ensure they are doing their 
job. A total qua lity organization, as a whole, will expend 
fewer scarce resources on producing and disseminating 
reports. See Table 4. 
TABLE 4. CONTROL DIFFERENCE IN TRADITIONAL AND TOTAL 
QUALITY MANAGEMENT CONTROL SYSTEMS. 
Who Controls 
Li mi t ed 
Authority: Level 




Effect on the 
Organization : 
Traditional 
Nex t higher 
level controls 
lower levels 






















AS c l ose as 
















G. A COMPARISON BY DIMENSION IN THE BENEFITS CATEGORY 
All managers want their subordinates to have an 
i ncentive to pursue the company's goals and strategy, Table 
5 describes benefits or incentives as used in traditional 
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and total quality management control systems. The 
traditional management control system deals explicitly with 
incentives. Traditional managers attempt to create a system 
of incentives which are congruent with the company's goals 
and strategies. The incentives are in the form of rewards, 
or pena l ties in the case of disincentives. As an example, a 
mana ger's incentive might be: if he can cut costs by ten 
percent he will get a five hundred dollar bonus. But if he 
doesn't cut costs then he loses his bonus and possible 
promotional opportunities. These rewards and penalties will 
ultimately direct organization members along the 
organization's chosen path (Chapter III). Incentives are 
usual l y offered only to managers and workers who performed 
exceptionally well and are usually given on an individual 
basis. 
Total quality managers motivate members within the 
organi zation through empowerment. Benefits are usually 
given to teams and are given as a recognition for an unusual 
effort or for new skills acquired. Table 5 illustrates the 
differences between the two methods in the benefit 
dimension. 
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TABLE 5 . BENEFITS IN TRADITIONAL AND TOTAL QUALITY 
MANAGEMENT CONTROL SYSTEMS. 
Benefits given 
to : 






re lated to past 
activities 
Put forth an 
enormous effort 
H. THE INFOR)L\TION FLOW CATEGORY 
Traditional 
Ind i viduals 
An incentive 
re l ated to 
future 
activities 
ElCce ptional ly 
good results 
1. The Dilllension of Freedolll of Information Flow 
Free flow of information is an important element of 
a total quality management control system. 
Control, as elCecuted in the total quali ty management 
control system, is not d ictated from above. It i s, in 
essence, self-control . A cruc i al element of this "control" 
is i nterna l c ustomer sat i sfact i on. The only source for 
i nformation regarding internal customer satisfaction is the 
internal customer . Therefore, it is very important that 
information flow l aterally (not just vertically) within the 
organization, from customer to supplier and back again. 
n. 
Traditional management control systems are 
indifferent to lateral free flow of information. 
2. First-Hand Data Collection 
Managers in both systems intuitively balance their 
sources of information. H. Warpp says that a successful 
manager "keeps open many pipelines of information" 
(Mintzberg, 1992, pp. 32,33). However, total quality 
management control systems tend to put more emphasis on 
first hand data collection as a systematic method (i.e. 
Cannon's doctor rounds, Chapter IV). 
I. CHAPTER SUMMARY 
This chapter compared traditional and total quality 
management control systems. The two systems were compared 
against a set of dimensions on a scale of 1 to 9. Table 6 
summarizes the dimensions and briefly defines the extreme 
total quality and traditional ends of the continuum. As one 
can see, the two systems are dramatically different within 
these dimensions. Mostly, the differences are a result of 
the difference in the mental models underlying each system. 
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TABLE 6. SUMMARY OF DIMENSIONS AND DEFINITIONS OF CONTINUUM 
DIMENSION TRADITIONAL 123 456 789 TOTAL QUALITY 
I. CONTROL Top-management Self-control 
AUTHORITY Controls 
2. MANAGEMENT Primarily management Management authority 
AUTHORITY manages delegated 
3. GOAL 
I 
Organization equals Organization greater 
CONGRUENCE sum of sub·units than sum of sub-units 
4 PROBLEM Emphasizes symptoms Emphasizes root 
SOLVING 
5 MANAGERS Enhanced by Managers are 
MOTIVATION motivated 
6 WORKERS' Management thinks, Workers th ink and 
ROLE workers do work 
7 RELEVANT ! Individual' s Processes' 
INFORMATION performance performance 
8 VISION May have a vision Shared vision 
9 VALUES Dictated values Shared values 
10. STRATEGY Top down strategy Top down and bottom 
11. GOALS and A top down process A bottom up process 
OBJECTIVES 
12 CUSTOMER Ultimate customer Internal and ultimate 
13. SUPPliERS Cost, Quantity and Partnership 
schedule 
14. MEASUREMENTS Financial cri teria Non-financial criter ia 
15. CONTROL IndividualS controlled Individuals control self 
PRACTICE by manager 
16. BENEFITS Individuals end results Team's effort 
(given for) 
17, INFORMATION Vertical flow of Horizontal and vertical 
FREE· FLOW information flow 
18. FIRST·HAND DATA Done intuitively Done 
COLLECTION systematically 
IX. A CASE STUDY: ACUSOH CORPORATION"S SYSTEMS 
MANUFACTURING 
METHODOLOGY 
1. Organization Entry Approach 
After deciding upon the thesis topic. it was then 
necessary to find a company that fit the essential 
requirement of the case study (a company that had adopted 
and used the TQ philosophy for at least 2 to 3 years) and 
would allow outsiders into their organization to conduct a 
resource consuming case study. At the suggestion of Linda 
Wargo, contact was made with Mr. Dan Robertson, an active 
participant in the San Francisco Bay Area Deming Users 
Group. Mr. Robertson suggested a number of companies he 
thought would fit the requirements for this case study. 
Initial contact was made over the telephone and followed up 
wi th a letter (see Appendix B) to those companies that 
expressed an interest in the thesis and appeared qualified 
for the case study. A semi-final list consisted of only two 
companies, KOMAG Inc of San Jose. CA., and ACUSON 
Corporation of Mountain view, CA . 
Appointments were scheduled with top management in 
both companies for November 19, 1993. During these meetings 
the thesis topic and general outline for the case study was 
discussed and tours of the manufacturing facilities were 
conducted. After this initial meet i ng, KOHAG declined 
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further participation. A second meeting was scheduled with 
~CUSON'S Systems Manufacturing (ASM) staff. During t hi s 
meeting the thesis topic, case study, and resource 
r equireI:lents were again discussed and concerns of individua l 
s t a ff members were addressed. The authors estimated that 15 
to )0 interviewees would be required for one hour each or a 
total of 15 to )0 corporate manhours. Furthermore, the 
authors suggested that each manager decide who and how many 
subordinates would be allowed to participate in the case 
study . It was agreed upon that the authors would sign a 
form pledging to protect ACUSON'S proprietary information 
and that ASM would have final approval on the case study 
befo re i t is published. ACUSON receivables woul d be the 
thesis ( which includes the case study) and feedback from the 
a u thors on ASM in general. It is important to note that Mr. 
Brad Anker , Vice President of Manufacturing, would not make 
a final dec i sion by himself, rather it was made through a 
team process, hence, the requirement for the second meeting . 
ACUSON'S Systems Manufacturing decided to allow the 
researchers to conduct the case study of their organization. 
Mr. Pat McMahon, the continuous Process ImproveI:lent Manager, 
wa s ass igned as ACUSON'S Systems Manufacturing point of 
Mr. McMahon and his staff scheduled the conference 
rooms, personne l inte rviews, and facility tours. 
2. Data Gathering 
Methods used for gathering relevant data were: 
Personnel interviews 
Observations during walk-a rounds and attentiveness to 
conversations in the cafeteria and other common areas 
ACUSON I S annual reports to shareholders 
A previous Continuous Improvement Survey commissioned 
by ACUSON 
a. Personnel Interviews. 
Personne l interviews were conducted with thirty-
f i ve individuals in ACUSON'S Systems Manufacturing, ten 
percent of the population, ranging from the Vice President 
of Manufacturing to creators on the assembly line. The 
interviews were conducted using the interview form in 
Appendix C. Approximately fifty percent of the interviews 
were conducted j ointly by the researchers with the remaining 
interviews conducted one-on-one. Each interview was 
scheduled for one hour with an additional hour allotted if 
the interviewee wished to continue past one hour. The 
shortest interview lasted 1. a hour and the longest lasted 
2.5 hours. The average length of an interview was 1 75 
hours. 
b. Observations. 
A number of walk-a rounds were scheduled which 
included product demonstrations. The length and time of 
these tours varied around the interviews schedu l ed. 
Informal discussions were held with creators and managers 
during these walk-arounds. Additionally, casual 
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conversation in the cafeteria during lUnch breaks also 
provided a great deal of insight into ACUSON'S c ul t ure. 
c. Annual Reports. 
Annual reports for f iscal years 1986 t h rough 199 3 
were used for assessnent of ACUSON'S financ i al i ndicators. 
d . Previous Survey. 
In July 1993, ACUSON commiss i oned a continuous 
i mprovement survey with the intent of judging Systems 
Manufacturing's attitude toward quality and c o ntinuous 
improvement. This document provided addit i ona l val uabl e 
i nsight into ACUSON' S corporate culture. 
e. Peripheral i nforu t ion. 
In order to expand our knowledge regarding 
ACUSON'S Systems Manufacturing and ultrasound use we 
interviewed people outside ACUSON'S System Manufacturing. 
We interviewed an ultr asound user and ACUSON employees who 
were not directly under the Vice President of Manufacturing. 
These interviews provided valuable information about 
ACUSON'S Systems Manufactur ing and the u l trasound market. 
f. Ti.e Fraas . 
All t he da t a was gathered wi t hin a four month 
peri od, starting in November 1993 and end i ng in March 1994. 
Most o f the interviews wer e conduc ted within a five week 
inte r val during February and March of 1994. I n l ess than a 
year, ACUSON' 5 Systems Manufacturing went through: l ay-offs, 
restructuring, implementing "Just In Time" inventory 
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control, formulating a new strategy, and other related 
changes. Therefore, the resultant case study represents 
only a snap-shot of ACUSON'S Systems Manufacturing dynamic 
journey toward a TQMCS during that time frame. 
3. Objective of Case Study 
The purpose of this case study is to compare ACUSON'S 
management control system to the traditional management 
control system presented in Chapter III, and to the common 
elements of total quality management control systems as 
p resp.ntp d in Chapter VII. The analysis uses the continuum 
developed in Chapter VIII (Table 6). Information gathered 
on ACUSON'S Systems Manufacturing's MCS was examined in 
I ight of each dimension discussed in Chapter VI II. The 
objective was to place Systems Manufacturing on the 
continuum illustrated by Table 6. 
4. Analysis of Information 
Each interviewee's answer to the questions in 
Appendix C were examined within each of the dimensions. 
Each dimension was measured on a scale that was subdivided 
into three areas. The area to the ext _ erne right of the 
scale represented a TQMCS and the area to the extreme left 
of the scale represented a TMCS. If it could not be 
determined from the interviewee'S answer if the dimension 
was TQMCS or TMCS. it was placed in the center of the scale. 
Further, the location of the answer in the particular area 
on the scale determined how strongly the answer leaned 
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towards TQMeS (answer would be rated to the right in t h at 
section) or THCS (answer rated to left of section) (see 
Table 7). A numerical average was then derived to place 
ACUSON on the c ontinuum between the traditional and total 
quality management control systems for each dimension. If 
observat ional and other data indicated a more traditional or 
more TQ approach than the interviews, the authors modified 
the final placement by no more than one point in either 
direction. 
B. ACUSON' S BACKGROUND INFORMATION 
The company loIas founded by Samuel Maslak, Robert Younge, 
and ARln Hanafy. Incorporated in January 1982, it announced 
i t s first generation ultrasound system, the ACUSON 128, in 
19 8 3 . The company introduced its second generation product, 
the ACL'SON 128XP, in July 1990. ACUSON went public in 
September 1986. The stock was originally traded on the 
NASDAQ but has traded on the NYSE since October 1988. 
Since its founding, the company has designed, 
manufactured, marketed, and serviced medical diagnostic 
ultrasound imaging systems. ACUSON systems are designed and 
configured to address the full range of cardiovascular and 
radiology diagnostic and ultrasound applications. The 
products are used in cardiology, obstetrics, gynecology, and 
peripheral vascular examinations. ACUSON sells its systems 
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in North America, Europe, Australia, and Asia. Foreign 
markets account for 25% of the company's total annual sales. 
Since 1991, prices and profits were pushed down due to a 
saturated market. As a result, ACOSON laid off 
approximately 15% of its work force in the spring of 1993. 
The layoffs were a company-wide policy not a Systems 
Manufacturing decision. ACDSON'S Systems Manufacturing 
participated in this difficult process. ACOSON curren ': l. y 
employs approximately 1600 employees world wide. sys 
Manufacturing employs about two hundred and fifty emp l ees. 
The Vice President in charge of Systems Manufacturing 
(Brad Anker) stated that .•• "About two and a half years ago, 
ACOSON'S Systems Manufacturing embarked upon a 
transformation to Total Quality Management." Initiated by 
the Mr. Anker the transformation was limited to ACOSON'S 
Systems Manufacturing. Al though, the rest of the company 
did not join in the transformation, Mr. Anker had the 
authority and freedom to make the change in his area of 
responsibili ty. 
As mentioned above, ACUSON'S Systems Manufactur ing 
proved to be a very dynamic organization which has gone 
through many organi zational changes. This high rate of 
change has resulted in extremely high work loads for 
management. Ma nagers from all levels are balancing the 
overload created by trying to manage the changes while also 
managing the rout i !le ctay-to-ctay acti vi ties. 
As of March 1994, ACUSON'S Systems Manufactur i ng is 
organized functionally. The major departments under the 
Vice President of ACUSON'S Systems Manufacturing are : 
product ion , Test Engineering, Materials, and Product ion 
Support and Development. until recently, ACUSON did not 
have a "wiring diagram" that described its structure o r 
organization. ACUSON'S Systems Manufactur i ng is now in the 
process of defining and formalizing their structure and 
organization. 
C. ACUSON'S SYSTEMS MANUFACTURING MANAGRMENT CONTROL SYSTEM 
The dimensions i n whi c h ACUSON' S management control 
system was measured arc presented in the follow i ng Tables. 
The dimensions are presented in the same order as in Chapter 
VI II; dimensions are gathered in groups and the groups are 
gathered in categories. The numbers in each dimension 
represent relative placement of ACUSON on the continuum as 
perceived by the authors. Characteristics of the 
tradi tiona l management control system model, presented in 
Chapter I II, are to the extreme left side of each Table. 
The common e l ements of total quality management control 
systems, as presented in Chapter VII, are to the extreme 
right. The continuum between the two extremes is scaled 
from 1 to 9 with 1 being extremely traditional and 9 being 
extremely total qua li ty. For example: in Table 7, a 9 would 
ind icate that the organization is a total qual i ty 
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organization while a 1 would indicate that the organization 
is a traditional organization. 
TABLE 7. EXAMPLE OF CONTINUUM BETWEEN TRADITIONAL AND TOTAL 






1 2 3 4 5 6 
1. Mental Model Category: 






The mental models stated below are the researchers 
interpretation of the information gathered in ACUSON'S 
System.s Manufacturing. 
Group of Di.ensions regarding Planning and 
Proble. Solving. 





ACUSON'S Systems Manufacturing mental model of 
"Control Authority" appears to be: "every member of the 
organization can, and does control their own processes 
Table 8 indicates that creators have "self-
control. " The researchers didn't find any of the 
trad i tional control e l ements, described in Chapter III, in 
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place. Creators on the factory floor, like supervisors and 
managers, controlled their activities. No one was looking 
over the shoulders of employees to verify that they were 
doing their work correctly, no one was measured against a 
quota, and no variances were measured by top management. 
The pace is set by the planners who determine how many 
machines should be produced in a given week. Every sub-unit 
gets its list of production requirements for the coming 
week. The team leader (the "lead"), in each sub-unit, posts 
a list of jobs to be completed during the coming week. 
Every team-member reads the list and prioritizes his or her 
work accordingly. 
The lead is t he employee tasked with some of the 
t radi tional supervisor ' s r o le. The lead spends about ha l f 
t heir time on actual production and the other half on paper 
work and other related activities. The lead does not 
measure each creator's performance. 
In case of an error, the employee d iscovering the 
error (usually a t the next station in the assembly line) 
goes back to the employee who made the mistake and asks him 
or her to correct it. No one records this mistake or 
reports it to a higher level in the organization. 
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ACUSON'S System Manufacturing mental model of 
management authority appears to be: "each level of the 
organization has some management authority." 
Table 9 indicates that each level in the 
organization has some management authority. Although, 
creators usually do not participate in deciding what is to 
be accomplished, they do participate in deciding how it 
should be accomplished. Managers and creators all mentioned 
specifically that strategic decisions are not in the area of 
interest of creators. 
Strategic and other decisions are always made 
using the team process. The Vice President's staff is 
responsible for strategic and high level decisions. Teams 
consisting of mid-level managers and creators make 
operational decisions. Participants in the team process are 
free to express their opinions and there is little pressure 
to reach a prompt decision. Team participants representing 
the various groups are encouraged to bring input from their 
groups. 
The quality focus group is an example of a team 
which is held in high esteem by its participants. The group 
consists of various members wi thin the production department 
and their supervisors. Membe r s b r ing to the attention of 
the entire quality focus g r oup qua l ity related issues that 
have been rais ed by members of their prodUction groups. The 
q uality focus group has some management authority for acting 
o n these issues, and as an outcome of this group process, 
s u g ges t i ons r e lated to these issue s are accepted and 
imp l emented. Many of the interv i ewees mentioned this team 
spec i fically as an examp l e of an effective team and as a 
veh i c le to promote qual i ty issues. F i gure 18 il l ustrates 
distribution of management aut hority in ASH relative to 




Creators Mid-mgmt Top-level 
Figure 18_ A Comparison of ACUSON'S De gree of Managing and 
Control Author i ty that of a TMCS and a TQMCS_ 
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TABLE 10. THE GOhL CONGRUENCE DIMENSION 
o rganization 




than sum of 
sub-uni ts 
hCUSON'S System Manufacturing mental model of 
goal congruence appears to be: "an organization can achieve 
more than the sum of its sub-units." 
Table 10 indicates that ACUSON leans towards TQ 
in the goal congruence dimension. Cooperation between sub-
u n its is encouraged and executed on a day to day basis. For 
example, if a team needs help, a c r eator from another team 
might come into that team to help. The leads of both teams 
will coordinate this help, supervisors might or might not be 
notified later. There is no measurement system in place, 
such as the one mentioned in Chapter III, to measure each 
uni t' s performance. 
Conversely, a few interviewees specifically 
mentioned probl ems between SUb-units that hinder cooperation 
and detract f rom the performance of the company. In one 
case, a problem had been detected by interviewees several 
months in advance of any action taken to resol ve the 
problem. This raises the question of whether or not 
c onf licts are resolved or ignored. Conflict resolution is 
essential process in the culture of a cohesive TQ company. 
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ACUSON'S System Manufacturing mental model of 
problem solving appears to be: "real problems float to the 
surface and then are identifiable along with the source of 
the probl em. " 
As indicated in Table II, the researchers could 
not identify any organizational system designed specifically 
for early detection of problems. Usually, processes are not 
statistically controlled and TQ tools (Appendix A) are 
rarely used. Problems, such as an unreliable component, are 
detected intui ti vely. Once a problem is detected, however, 
measurements are then taken. These measurements are usually 
taken as a result of a local initiative by mid-managers or 
creators. 
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b. Group of Di.ensions regarding People 






ACUSON'S System Manufacturing mental model o f 
manager's mot ivation appears to be: "managers wil l exerci se 
self-direction and self-actualization toward achieving 
objectives to which they are committed; this cannot be 
measured by a short-term quanti tative standard." 
Table 12 i ndica tes that managers are highly 
moti va ted . Further, it appears that performance 
measurements are not taken for the purpose of motivating or 
eva luating managers or creators. Nevertheless, we were ab le 
to ascertain through interviews that most managers were 
highly motivated to accomplish their tasks professionally 
and to deliver a high quality product . Although people are 
over-loaded with work, they do their best to meet the needs 
of the company. The people in ACUSON'S Systems 
Manufacturing leave a strong impression that they arc 
committed to pursuing ACUSON'S vis ion (as they perceive i t) 
and to de live r the best quality ultrasound machines. 
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ACUSON'S System Manufacturing mental model of the 
line worker's role in the organization appears to be: 
"creators are expected to participate in improving processes 
and in loki' level decision making." 
Tab l e 13 would indicate that workers are valued 
for their abi l ity to think and make decisions for improving 
the process. The traditional division of roles between 
management and workers, as mentioned in Chapter III, does 
not exist in ACUSON'S Systems Manufacturing. Mid-managers 
and creators retain most of the operational control. 
Additionally, mid-managers and creators have been delegated 
with some management authority. However, as stated earlier, 
creators' input i s usua l ly not incorporated into the 
corporate strategy. 
138 
The Di.ension regarding Inforaation. 
TABLE 14. THE INFORMATION DIMENSION 
Individual 
Performance i s 
Measured 
Only the 
Process i s 
Measured 
ACUSON'S System Manufactur i ng mental model of 
i nformation appears t o be: "it is not yet clear where or 
what is the essential information for managing and 
controlling the organization." 
Table 14 indicates that ACUSON is in an 
evo lutionary stage fo r this dimension. The traditional 
approach to measuring the performance of individuals and 
sub-uni ts, as described in Chapter III, was not observed in 
place in ACUSON' S Systems Manufacturing. Converse l y, there 
appears to be no organizational system in place for 
identifying or gathering process performance indicators. 
The currently authorized system for collection and 
measurement of data did not satisfy a majority of the 
interviewees. ACUSON'S System Manufacturing is in the 
process of deve loping a system for the collection and 
measurement of data that will fulfill the need for relevant 
information. Until this task is accompl ished, i t wil l not 
be clear as to what is the essential information for 
managing the organization. 
2. Planning Category 
The planning category deals with the dimensions of 
Vision, Values, Strategy, and Goals and Objectives. The 
literature shows that every organization has its own 
definitions for these terms. For the purpose of this 
analysis, definitions from Chapters II and VII were used for 
the terms: vision, values, strategy, and goals and 
objecti ves. 
The researchers found that at ACUSON most of the 
interviewees could not distinguish between vision, strategy, 
and goals. ACUSON has a formal statement for vision and 
values; however, hardly anyone could repeat or knew for sure 
what the statements said. 
The fact that people could not quote the company's 
definition for values, or any other terms, does not 
necessarily imply that they do not have shared values. As 
will be demonstrated later, the authors found that people in 
ACUSON'S Systems Manufacturing do have shared values, even 
though, most of them can not quote the official document. 
During the period of the case study and survey, 
ACUSON'S Systems Manufacturing was in the process of 
developing both vision and mission statements. Management 
drafted the vision and mission statements, after which, 
140 
selected employees had the opportunity to react a nd suggest 
corrections. 
3. The Diaension of Vision. 
TABLE 15. THE DIMENSION OF VISION. 
Could have a 
Vision but 
will not be 
Shared 
Has a Vision and 
it is Shared 
ACUSON'S Systems Manufacturing vision, as 
interpreted from the collective statements of the 
interviewees, is to produce the best and highest quality 
ul trasound imaging equipment in the industry. Many people 
in ACUSON are strongly committed to this vision, however, a 
few feel differently. Many of the interviewees could not 
recite the official vision statement. ACUSON'S off i cial 
vision statement is : 
ACUSON strives t o be the leading wor l d-wide medical 
ultrasound company, achieving the highest levels of 
customer satisfaction and long-term shareholder 
returns. 
Our greatest asset is our people, whose individual and 
team efforts create innovative contributions with high 
value for our customers and thei r patients. 
we pr i de ourselves in creating a rewarding work 
environment were all employees share in the timely 
achievement of these goals. 
The researchers overall impression is that peop l e 
are heavily loaded wit h work and because of this heavy work-
load they sometimes appear to be struggling for quantity at 
the expense of quality. Many of the interviewees felt that 
too much time was spent fighting fires. It is hard to 
commit to a vision when you are busy fight fires. 
Another obstacle in committing to a vision was 
the recent layoffs. Many of the creators interviewed did 
not understand the reason behind the layoffs. Some believed 
that the layoffs actually hurt quality. The authors' 
impression is that some creators appear to be less committed 
to quality because of the layoff. 
b. The Di.ension of Values. 





ACUSON'S Systems Manufacturing formal values are: 
Individual contributions make a visible difference at 
ACUSON. 
Management's first responsibility is to listen ... and 
then apply some judgement. 
It is critical that people be kept informed of both 
"what" and "why." 
Team-work is a key element toward success. 
The highest possible standards of quality apply to all 
aspects of ASM. 
However. the values as interpreted by the authors from the 
collective statements of the interviewees are as follows: 
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People are our most important resource 
All levels of the organization should participate in 
controlling and managing the organization 
Teamwork is a key element toward success 
Most of the interviewees felt that these values 
are shared across the organization. The few vocal 
exceptions were predicated on the layoff actions. One could 
expect that an organization's perception of values would 
affected by such an action. Nevertheless, most creators 
fe lt that their managers trusted and respected them. They 
k new that their opinions did in fact matter and they are 
encouraged in this belief through participation in team 
processes. ACUSON'S values in the end seemed t o h a ve a 
s t ronger effect on creators than the layoffs. For these 
reasons the authors rated ACUSON a 7 or in the TQ side of 
the continuum between THCS and TQMCS, leaning toward the 
middle. 
c. The Di.ension of strategy. 
TABLE 17 THE DIMENSION OF STRATEGY 
Strategy is 3 
I 
Strategy is 
top down top down 
and bottom 
up 
Table 17 indicates that strategy is mostly top 
down. As discussed in the mental model regarding management 
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authority in this Chapter, most of the interviewees, 
creators as we l l as managers, thought that creators should 
not take part in the setting of corporate strategies. 
Managers commented that creators are not interested in this 
area and that i t is not practical to incorporate everyone's 
input i nto a sound strategy. Creators were usually happy 
just to be allowed to participate in controlling processes 
and making low level decisions. However, there were two 
exceptions noted by the interviewers. 
The first exception was concerning layoffs. The 
decision as to whether there would be layoffs and who wou ld 
be laid-off was made at mid and top-level management with no 
input or consideration from the creators. Creators were not 
happy with this process. They wished to have had an input 
into the process. 
The second exception was the decision to 
implement Just-In-Time (JIT). Creators wished they could 
have influenced Whether or not to adopt JIT. Current ly 
creators participate only i n the "how to" decisions. They 
would have l i ked to have been asked i t and when JIT s hou ld 
have been implemented. Many of the creators tel t a two to 
three week delay would have made the transition much 
smoother. They did not feel that their opinions regarding 
"if" and "when" to implement JIT were seriously considered. 
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d. The Di-ansion of Goals and Objectives. 
TABLE 18. THE DIMENSION OF GOALS AND OBJECTIVES. 
Goals and 
Objectives 





Goals, as discussed in Chapter VII, are a means 
for fulfilling the strategies and to move towards the 
vision. Goal setting in ACUSON'S Systems Manufacturing, as 
indicated in Table 18, is mainl y a bottom up process. There 
are differences in how goals are set in the various sections 
within Systems Manufacturing. Usually, the Vice President's 
s t a ff will determine goals for ASM, after which, each 
department staff will develop its goals such that they will 
be congruent with ASM'S goals. This process continues at 
the next step down which is the work groups. At the work 
g r oup level, supervisors and creators together determine the 
goals for the work group such that these goals wi ll be 
congruent with the department and ASM goals. Each level in 
the organization has goals that are congruent with upper 
leve l goals and also re l ates to that part i cular groups 
vision. In addition to these goa l s, people will have 
personal goals (such as attending a TQ course or other 
persona l growth activities). Personal goals are init i ated 
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by the person and are discussed with his or her manager or 
supervisor. Most goals are quarterly, however, creators do 
make suggestions to managers for annual goals which are then 
mutually agreed upon by both parties. 
Managers do not dictate goa l s to their 
subordinates. Goals are usually determined by teams and 
personal goals are initiated by the individual. However, 
the process of setting organizational goals is partially 
top-down. 
3. The Relationship of CUstomers and suppliers category 
a. The Di.ension oL CUsto.ers. 










ACUSON'S Systems Manufacturing emphasizes the 
customer, internal as well as external. Table 19 indicates 
that people are sensitive to their customers and try hard to 
satisfy them. They are also interested in feedbaCk from 
their customers. The current performance evaluation process 
is an example of their sensitivity to internal customers. 
Each manager will interview internal customers of a creator 
before assigning an evaluation to him or her. However, 
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internal customer satisfaction is not measured 
systematically. Many of the interviewees mentioned that the 
current system of customer feedback is "no news is good 
news" and they expressed concern over the lack of feedback. 
Very few people have ever met an ultimate 
customer or end user of the product. One interviewee 
ment ioned that her friend was imaged by ACUSON'S ultrasound 
at a clinic and it made her feel very proud of her work. 
Th e authors' impress ion is that people want to measure their 
customers' (internal/external) satisfaction and they did 
wan t to meet and talk with the ultimate customer. 
b. The DiJlension or suppliers. 












I t appears that ACUSON'S Systems Manufacturing 
ha s an appreciation first for the quality of supplies and 
second for the ir cost. Formal mechanisms for cooperation 
and partnership between ACUSON and its suppliers is the 
exception not the rule. However , no system currently exists 
to measure the quality and variances of incoming mate ria ls. 
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The exception is a project initiated by ACUSON 
with one of its suppliers in November 1993. The purpose of 
the project was to create a partnership between ACUSON and 
the suppl ier. Engineers, buyers. salesmen, and other 
personnel from both companies formed a team that meets 
monthly. The team developed a mission statement which reads 
as follows: "Develop and implement mutual goals for the 
continuous improvement of ACUSON I S incoming material. II 
The team is a means for exchanging information 
between the two companies. Each meeting starts with a 
business overview. Representatives from both companies 
update each other on the latest developments in their 
companies. Then, they deal with action items from previous 
meetings. The team also develops statistical measurements 
for the purpose of measuring and rating suppliers. As 
stated earlier, this example is the exception to the rule. 
However, the fact that such a project exists, indicates that 
ACUSON is ready to form partnerships with other suppliers. 
4. The Measurelllents Category 








Table 21 indicates that ACUSON'S Systems 
Manufacturing does not measure financial criteria ·nor does 
i t use performance measurements to motivate people in the 
manner of traditional management control (see Chapter III). 
When information is collected, the people actually doing the 
work act on that information. As a whole, peopl e were not 
usually defensive concerning measurement. For example, when 
asked if it would be useful for them to measure their 
errors, most repl ied they would like to have such a 
measurement. 
ACUSON'S Systems Manufacturing does not appear to 
have a useful systematic method for measuring processes. 
The perception of reality is main l y intuitive. The 
measurements in use, such as "DOA'S" do not satisfy the 
needs of the creators, managers, or ASM. Further, routine 
measurements mandated by ACUSON usually are not taken 
seriously as mentioned by most of the interviewees. Several 
of the i nterviewees fe l t that the current system does not 
emphasize root causes. 
An example of the i r approach to measurements is the 
periodic individual performance evaluations. Managers 
eva l uate their subordinates against a set of criteria. The 
rating an employee recei ves determines what merit increases 
the employee will receive. One of the criterion is 
performance objectives or resul ts achieved (taken from an 
ACUSON appraisal form). Most managers allow their 
subordinates to determine their own objectives. And, as 
discuss ed in the customer dimension in this chapter, most 
managers ask for feedback from their subordinate's internal 
customers. Oi fferent managers complete the appraisal 
differently. Most managers were not happy with existing 
appraisa l system. One i dea expressed by a manager was that 
the employees shoul d interview their own manager and 
customers, after which, the employee would write their own 
appraisal . 
Another example is the OOA. DOA is the acronym used 
for defects in machines rece i ved by customers. A DOA can 
mean anything from a miss i ng boo k to a completely 
inoperative machine. Onl y problems that occur or are 
di s covered within two weeks o f the machines arrival at 
destination are counted as DOA. DCA'S are measured and 
repo r ted on a monthly basis. Many interviewees fe l t that 
measuring only probl ems that occurr e d in t he first two weeks 
a f ter de l ivery did not serve the r r pose of improving the 
process. Furthermore, -:.he interviewees mentioned that 
reporting DOA'S on a monthly bas i s is meaningless bec ause 
there is no correlation between the time a machine is 
constructed and the time it is del i vered. 
The authors' impression i s that ASM does not use 
e i ther the trad i t i o n a l or total qua l ity methods of 
measurement . This impression i s supported by numerous 
comments made by interv i ewees. 
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5. The Control Practice category 
TABLE 22. THE DIMENSION OF CONTROL PRACTICES 
Decisions are 




made at the 
working level 
Table 22 indicates that most decisions regarding 
contro l are made at the working level. ACUSON'S Systems 
Manufacturing perception of control is nearly identical to 
those of the Total Quality Management Control Systems models 
in Chapters V and VI. The main difference is that although 
people are not controlled, processes are usually not 
controlled either. The individual owning the process has 
contro l of that process. Operational decisions are made as 
close as possible to the process. People throughout ACUSON 
feel good about this control practice. The overall 
impression of the researchers is that although people are 
heavily loaded with work, they remain committed to ACUSON 
a nd tha t this delegation of control is an essential element 
in generating total commitment under the current work-load. 
6. The Benet i ts Category 
TABLE 23. THE DIMENSION OF BENEFITS. 
Appreciates 
primarily the 





Table 23 indicates that ACUSON is neither traditional 
or total quality in the benefits category. Incentives or 
benefits at ACUSON, are primarily in the form of "merit 
increases" (previously discussed in measurement category, 
section 4) and are given in the form of special bonuses 
(from fifty to three thousand dollars as determined by 
managers ) . Other special recognition (like free dinners) is 
also given by managers to creators and at ACUSON'S expense 
to reward employees. Benefits are usually given as a 
recognition f or past activities and not for the purpose of 
motivating people. 
However, merit increases and bonuses or recognition 
are usually given to individuals, not teams. The 
performance evaluation form used at ACUSON also tends to 
emphasize individual contribution. There is no formal 
system for peers to give each other formal recognition nor 
is there any process or system whereby teams are evaluated . 
one of the interviewees mentioned that the current system 
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does not appreciate people who contribute to the team as 
much as it does peop l e who have made impressive individual 
achievements. ASH benefits are un l ike traditional since 
there are not directed at motivating people and are not 
distributed according to end results, however, they are not 
like total quality because they tend to de-emphasize team 
effort . 
7 . Information flow Category 






Free flow of 
infor!:'!ation 
vertical ly and 
horizontally 
The research indicates ACUSON'S Systems Manufacturing 
encourages the free flow of information. General ly , 
information is not used as a source of power but as a 
resource for i ts users. Creators communicate directly with 
creators in other departments and work areas. It is not 
necessary for creators i n separate areas to communicate 
through a common manager. Tea!:'! leaders coordinate 
acti vi t ies and so l ve problems among themselves. However, 
although informat ion flows freely throughout the 
organ i zation, several interviewees mentioned specifically 
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that management does not always provide employees with 
general information. For example, a detailed explanation of 
the reasons for the layof fs were not given at the time. 
Another example was a case in which a new employee was about 
to start work and no one in that new employees team had been 
informed of the new hire. 
Recently a communication team was formed. The team 
members consist of the V. P. of Systems Manufacturing, two 
of his staff members, and several creators. The purpose of 
the team is to identify what information people want 
management to provide. 
TABLE 25. THE DIMENSION OF FIRST-HAND DATA COLLECTION. 
Accomplished 
intui ti vely 
Accompl i shed 
systematically 
As discussed in Chapter VIII, both traditional and 
total quality management control systems use first-hand 
informal data collection methods to gather important 
information. Total quality organizations tend to collect 
informal data more systematically, while traditional 
organizations tend to be more intuitive towards collecting 
informal data. A ma jority of creators interviewed mentioned 
that they seldom see their supervisors and managers since 
they (supervisors and managers) are always in meetings. 
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manager interviewed corroborated this opinion. For these 
reasons, ACUSON' S Systems Manufacturing data collection 
current l y appears to lean toward the tradit i onal approach. 
D. CHAPTER SUMMARY 
ACUSON'S Systems Manufacturing management control system 
is i n transformat i on from trad i t i onal to total qual i ty 
management contro l practices . Tabl e 26 summarizes the 
positioning of ACUSON'S Systems Manufacturing management 
control sys tem rel ative to the tota l quality management 
c ontrol prac t i ces described in Chapter VII. 
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TABLE 26. A SUMMARY OF ACUSON'S CONTROL SYSTEM 










ACUSON RELATIVE TO TQ IN OOMAIN 
Ident ical to TQ practice 
Decisions are made by teams 
Decisions are made at the 
level that actually does the 
work 
Crea tors are not 
participating in strategic 
decis ion making 
Practic: y no measurement 
system~ 'e in place 
ACUSON ,1S not use the 
tradi tic al system and has 
not yet deve l oped a substitute 
Information flows freely 
horizontally and vertically 
Table 27 summarizes by dimens ion ACUSON'S relative 
positioning on the continuum between traditi onal and total 
quality management controls systems. It should be 
emphas i zed that this placement was a subject ive , 
qualitatiVe, assessment by the authors, and is only intended 
to highl ight possible areas for change or improvement. 
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TABLE 27. SUMMARY OF ACUSON CASE STUDY BY DIMENSION 





3 . GOAL 
CONGRUENCE 











11. GOALS and 
OBJECTIVES 



















I Individual' s 
performance 
May have a vision 
Dictated values 
Top down strategy 
I A top down process 
Ultimate customer 
Cost, Quantity and 
schedule 
Financial cr iteria 
Individuals controlled 
by manager 
Individuals end results 
Vert ical flow of 
information 

















Top down and bottom 
"' 
A bottom up process 
Internal and ult imate 
Partnership 
Non-financial c riter ia 
8 Individuals control self 
Team's effort 




X. CONCLUSION AND RECOMMENDATIONS 
This chapter provides recommendations for ACUSON and 
answers the four research questions introduced in Chapter I. 
The conclusions reached are based on knowledge gleaned from 
an extensive review of current literature, the case study of 
ACUSON Corporation, and the authors' combined eXperience in 
the military environment. 
A. RECOMMENDATIONS FOR ACUSON'S SYSTEMS MANUFACTURING 
ACUSON'S Systems Manufacturing has made enormous 
progress towards a total quality culture. Most impressive 
is ACUSON'S attitude towards its people and the empowerment 
that creators and managers enjoy. This achievement is 
essential to future progress in ACUSON'S transformation to a 
fully functional total quality culture. The following 
recommendations are made in an effort to fine-tune an 
already impressive start. All recommendations are given 
under the assumption that ACUSON'S Systems Manufacturing 
desires to continue their transformation towards a total 
quality culture. 
1. Define of Kission, Vision, Values, strategy, Goals, 
and Object1 ves 
As discussed in Chapter IX the terms vision, values, 
strategy, mission, goals, and objectives are not all well 
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defined in ACUSON'S Systems Manufacturing . The authors 
recommend that: 
ASM clearly define these terms and communicate the 
definitions company wide. Once these terms have been 
defined then assess current definitions and make 
changes as necessary. Creators and managers should all 
contribute to the process of def in ing the terms and 
deve l oping the v ision and miss ion statements. 
Develop Method for Incorporating Creators' 
Input into the Strateg ic Decision Making Process 
As described in Chapter IX, creators' inputs are not 
usually i ncorporated i nto strategic decision making. As 
discussed in Chapter VIr, creators will more readily commit 
t o a vision, mission, values, or strategy if they are truly 
shared or if they feel ownership of them. In order to 
create shared vision, strategy, and values, it is 
recommended that: 
ACUSON develop a method for incorporating creators ' 
input into the strategic decision mak ing process. 
Canon's "catch ball" process as defined i n Chapters V 
and VI is one possible method to use. 
3. Use Systematic Measurements 
ACUSON'S Systems Manufacturing is in the process of 
deve loping a set of measurement criteria that wi l l be useful 
to the organization. It is recommended they: 
Use the systematic measurement approach and tools in 
Chapter VI and Appendix A for identifying and 
collecting data for process improvement. 
Process owners should measure their customer's 
(internal or external) satisfact ion. One creator might 
measure satisf a ction of the next creator in the assembly 
process. Supervisors should measure the satisfaction of the 
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next team in the assembly process and so on until finally 
the ultimate customer's satisfaction is measured. Many 
creators mentioned that the current feedback system was "no 
news is good news" and "a quiet customer is a satisfied 
customer," and that they usually do not receive any feedback 
when they do a good job. The researchers impression is that 
creators are wi l ling to measure their customer satisfaction 
and to measure their own processes. For example, many 
creators wished to measure errors that they were responsible 
for. This approach will only work if creators do their own 
measurement and keep the records regarding their 
performance. No measurement system will trUly reflect 
reality if creators feel that management measures their 
performance. Measuring customer satisfaction will fulfill 
creators' need for feedback and will also improve quality 
(see Chapter VI, section C). 
4. Tracking Parts and Material 
It is recommended that ACUSON'S Information System be 
used to: 
Track all parts and material from receipt to end of 
life. 
All parts should be tracked whether they are in the 
stockroom, assembly-line, installed on a machine, or pre-
positioned with field engineers. Defective parts should be 
recorded in the manufacturing process and when field repairs 
are completed. This data would increase the 
160 
reliability and quality of ACUSON'S products by identifying 
early trends for defective parts and material. 
5. Reconsider 0010. Policy 
Currently, mu ch emphasis is placed on DOA'S. It is 
recommended that: 
• ASM reconsider its DOA policy. 
In the present policy, only problems that occur or 
are discovered within the first two weeks after de l i ve ry are 
measured as a DOA. From the ASM' S point o f view, it should 
not matter if a prob l em was discovered by the next pers on on 
the assembly-line, before shipping, one week after de l ivery, 
or five years after delivery. If the goal is to de l iver a 
defect-free machine, then measurements should be taken and 
acted upon throughout the whole process of manufacturing and 
l ife cycle of that machine and not just in a two week period 
of t ime after delivery of the machine. 
DOA's are currently measured as a percentage of 
machines installed in a specific month. For example, in 
July the DOA rate was one percent (one of every hundred 
machines delivered in July had one or more defects). 
Machines that were installed in Ju l y might have been 
manufactured in January, March, or June. 
Additionally, machines arriving at the customer's 
site are counted as DOA if they are defective. A machine 
could have one or ten defects but it would on l y count as one 
DOA. 
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Many intervi ewees critic ized the current DOA 
me a surement method. Their three main points were mentioned 
above. Therefore, it is not c lear that DOA as a control 
measurement of fai l ure rate is meaningful. The authors also 
feel that measurements should be of success rates (positive) 
and not of failure rates (negative). 
6. Retaining Services of Professional statistician 
Ident i fying what to measure and the tool to measure 
it is a complica ted process, often requiring the services of 
a professional statistician. Further I,.CUSON is evolv i ng i n 
the area of p r ocess measurements. T~ : efore, the authors 
recommend tha t : 
ASH should consider retaining the services of a 
professional statistician (see Chapter VI, sections C 
through 0 for further jus tification). 
A statistician would assist process owners i n 
ident i fy i ng what should be measured and the tools to use, 
and in ma i ntaining statistical controls. 
7. Apply supplier Relationship Model 
Adopt i ng a measurement system requires much training 
and other expenditures and expense such as labor hours, 
costs of training, and lost production, nevertheless, the 
authors believe the actual benefits are high and will 
outweigh all costs in the long run. 
supplier relationships are important to total quality 
organiZations. The authors recommend that: 
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• ASH apply their supplier relationship model described 
in Chapter IX to as many other suppliers as possible. 
Establish s ystematic Method for Implementing First-
hand Data Collection 
First-hand data collection is an informal means of 
gathering information and is similar to the "doctors rounds" 
described i n the Canon model, Chapter V. Managers collect 
information or data directly from creators, customers, 
suppliers, and other sources first-hand. This method of 
d a ta collection consumes much more time than simply reading 
formal reports. But, unique information that might not 
otherwise be accessible can be obtained. Additionally, a 
by-product of this method of data collection is the qood-
will fostered as a result of the close personal contact by 
managers with creators, customers, and suppl iers . People in 
and out of the organization will appreciate this method of 
data collection beca use of this close personal contact. It 
is recommended that: 
ASH'S managers estab l ish a systematic method for 
implementing first-hand data collection or doctors 
r ounds with creators, suppliers, customers, des ignated 
groups, and other individuals. 
Use of Performance Evaluation for Determining 
Merit Increases 
Chapter IX describes ACUSON'S performance eva l uation 
method. Most managers expressed dissatisfaction with the 
existing system. It i s recommended that: 
ASH not use performance evaluation for determining 
merit increases in pay. Further, it is recommended 
that ACUSON consider the performance evaluation process 
suggested by one ACUSON manager. 
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That suggestion is as follows: let the evaluated 
person do the work. The evaluated person would interview 
his boss, his customers, his team peers and then write their 
own performance evaluation, after which, they would then 
discuss this evaluation with their manager. The evaluation 
would be filed by the evaluated person and only he or she 
would have access to the evaluation. Performance 
evaluations which are completed by managers and recorded i n 
the company files detract from morale and are usually not an 
accurate reflection of the evaluated individual's true 
performance. The suggested process is a learning process 
for the creator and will help them to continue growing 
professionally and intellectually. 
10. Workload 
Most of the interviewees, both managers and creators, 
mentioned that management is heavi ly loaded. Many mentioned 
the term "fire fighting" in relation to the manager's daily 
routine. Additionally, the rate of organizational change is 
very high. Hence, many of the creators mentioned that they 
do not get to see their supervisors a~d managers. It is 
recommended that: 
ASH'S management consider the workload on managers, 
determine if it can be reduced or delegated in order to 
allow the manager more time to spend with his or her 
process and creators. 
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8 . HIPLlCATIONS FOR ooD, DON, AND OTHER AGENCIES 
Chapter III describes a rnili tary management control 
system. The mi l itary management control system is a TIles, 
however. the un ited States Navy i s making a conscious effort 
t o transform itsel f into a t ota l qua l ity culture (see 
Chapter I ) . The r efore, the question of whether or not a 
mi litary organization can effect i vely use a tota l qua l ity 
management control system is of pressing importance. 
Chapter III describes menta l models commonly held by 
traditiona l management control systems while Chapter VI I 
describes tota l quality management c ontrol systems' me ntal 
mode l s. These Chapters show a s trong correlation between 
the type of MCS in use and the mental models behind them. 
When an organization has a TMCS it implies that organizati on 
holds a set of trad i tional mental models. If, on the other 
hand, an organization has a TQMes it probably ho lds a set of 
TQ mental mode l s. However, it is theoretica l ly possibl e 
that an organi zation holding traditiona l mental mod els coul d 
have a TQMCS. It is a lso possible t hat an org anization 
holding TQ mental models could have a TMCS. Lets exami n e 
this possibi li ty. 
Fo r example, if an organization holds the trad i t i ona l 
menta l model "only top-management cont ro l s the 
org anization," would it be possib l e for it to have a TQMCS? 
Wi ll managers who ho l d th i s menta l model de l egate management 
authority t o low-level managers and creators ? The author s 
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assert that if a manager holds this mental model he wil l not 
delegate control authority making it impossible for creators 
to control themselves. Hence, managers who hold to this 
traditional mental model would be reluctant to adopt a 
system that they perceive will take away their authority. 
Based on this example and the definition of mental 
models given in Chapter I, one can conclude that a manager 
',]ho hol d traditional mental models will not adopt a TQHCS. 
We h e 'lown the military, like any organization with a 
THCS, will I..."': necessity hold to a set of traditional mental 
models. Since the military does hold a set of traditional 
mental models, it can not use a TQMCS unless it changes its 
mental models. 
consequently, the problem facing military organizations 
is not one of whether or not a total quality management 
control system is adaptable to the military, but rather, one 
of whether or not the military will discard its traditional 
mental models and adopt total quality mental models. Any 
organization that holds to t al quality mental models can 
and will transform towards a total quality management 
control system. Ex<-, _ining how the military can change its 
mental models related to management control systems is 
beyond the scope of this thesis. Therefore I the questions 
of "Can or should the military transform i tself into a total 
quality culture and use a total quality management control 
systems?" are beyond the scope of this thesis. 
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C. CONCLUSIONS AIm ANSWERS TO THE RESEARCH QUESTIONS 
1. What are the cOllUllonly held mental models that form 
the foundations of both types of Management Control 
systems? 
Management control systems are not stand alone 
mechanisms. Each organization, whether traditional or tot al 
quality, develops its own management control system in which 
is rooted the mental mode ls of its culture, see Chapter 
VIII. However, there are common elements for both the 
tradi t ional management control system ( l isted i n Chapter 
III) and the total quality management control system (l i sted 
i n Chapte r VII). These common elements were previously 
discussed in the above Chapters. 
2. What is a Total Quality Management Control System? 
No one model can be used to describe a TQMCS. The 
authors were limited to identi fying the cOlll1!lon elements of a 
TQMCS, and these were descr ibed in Chapter VII. 
What are the similarities and differences between the 
Traditional and Total Quality Management Control 
systems? 
Chapter VIII compared traditional and total quality 
management control systems, illustrated in Figure 25. The 
dominant difference noted is that while in total quality 
management control systems creators and managers pr imar ily 
control processes, traditional management control systems 
are used by managers to control their subordinates. 
D . SUMMARY 
Both traditional and total quality management control 
systems are a product of the mental models held by the 
organization. A management control system is simply a tool 
that management uses. Therefore, management control systems 
are inseparable from the culture of t he organization. 
Traditionally, management control systems lay within the 
purview of the accountants. However, total quality 
management control systems are in the purview of managers 
and creators not the accountants. Furthermore, the 
discipline of "management control systems" is not as well 
defined in the total quality management literature as it is 
in the traditional literature. One possible reason is that 
people in the total quality culture perceive control as an 
integral part of process management, whereas, 
tradit iona lists view control as mainly a financial tool used 
by management for controlling the people's actions. 
E. RECOMMENDATION FOR FUTURE STUDY 
Based on the research conducted in this thesis, it is 
projected that the traditional mental models held by 
military organizations will be the principal hinderance to 
transforming the military into a total quality culture. The 
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authors recommend future study of the following topics 
regarding th is area: 
Are the mental models surrounding management control in 
the total quality culture usable by military 
organizations? 
If a transformat ion to a total quality management 
control syst em is desired, then what strategies can be 
used to create new mental models? 
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APPENDIX A 
MEASUREMENT IN A TOTAL QUALITY MANAGEMENT CONTROL SYSTEM 
A. MEASURING FOR CONTROL 
Yo u can't control what yo u don't measure (Globers on, 
1991, p. ix), hence, in a tota l quality management control 
systems measurements must be taken and plot ted. The ensuing 
p l ots or c harts will aid managers and creators in 
determining if a process or system is stable or unstable 
( Dem i ng, 199 2 , p. 194). 
Knowing if a system is stable or unstable requires an 
understanding of variation. To properly evaluate 
measurement charts, criterion must be established as a basis 
for comparison. A relevant measurement criteria i s a 
ind i cator that can be used to discern improvement or 
deteriora t ion in organizational process (Gl oberson, 1 991, p. 
) 0 ) . 
The use of measurements in a total qual i ty management 
control system is solely for the purpose of determining 
stat i stical contro l and furthering continual improvement. 
It s hould not be construed as quotas, management by numbe rs, 
management by Objectives, or numerical goa l s. Measurements 
are used for process improvements not as too l s for 
evalua ting managers or creators. 
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OETERMIlHNG WHAT TO CONTROL 
Determining the list of processes to control beg ins with 
three questions: First, what does the customer want and 
need? Second, what i s the cost of an undetected error? and 
Third, what is the cost of controlling an error within a 
process? 
Before a decision is made to control a process it i s 
necessary to first consider what effect controlling that 
process will have on the customer. Wil l it be of benefit to 
customers or will it be contrary to the customers' wants and 
needs? 
Some errors are easily quantified, but others, such as 
errors that damage the reputation of an organization, may be 
difficu l t to q uantify. The cost of an error must be known 
because the benefit of controlling an error must in the long 
run outweigh the cost of contro l ling it (Globerson, 1991, 
pp.21,22). 
There are a number of different types of process 
measurement criteria that can be charted or monitored for 
control. But not everything should be subject to control; 
t he organization must limit itself to a manageable number of 
measurement criteria. otherwise, the organization is l iable 
to create a syst em which i gnores important items (items that 
effect product quality, cost, and delivery) and exerts too 
much effort in examining others (i tems that are not material 
to product quality, cost, or delivery) and will become 
burdensome to the point of becoming meaningless to both 
managers and creators. (Globerson, 1991, p. 20) While 
there are no hard and fast rules as to the correct number of 
measurement criteria to be used in anyone process, at least 
one theorist recommended that organization focus on not more 
than seven key measurement criteria (Globerson, 1991, p. 
44) . 
C. LEVELS OF CONTROL 
There are three levels of control in any organization. 
The levels are strategic, tactical, and operational 
(Globerson, 1991, p. 25). 
The strategic level of control focuses on policy and 
planning. the tactical level of control focuses on the 
organization's decisions and how they are carried out. The 
operational level of control deals with the mechanics of 
what is produced for the customer. 
D. TIMI NG OF CONTROLS 
Timing is a critical component of control. If control 
is applied to any process without an understanding of timing 
and variation the results can be catastrophic. For any 
given process when and how often to apply control is 
variable. control can be pre-process, i n-process, or post-
process. 
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One roust consider that ... "There are many processes where 
the people can and do affect the outcome, but chaos can 
occur when those people use inappropriate methods to try to 
affect the outcomes (Sherkenhack, 1991, p. 41)." Dr. Deming 
refers to this as tampering. 
In the funnel experiment, Dr . Deming demonstrates that 
if anyone adjusts a stable process trying to compensate for 
a result that is undesirable, or for a result that i s extra 
good, the output that follows will be worse than if he had 
lef t the process alone (Deming, 1986, p . 327). Before 
adjustments are made to any process, it is necessary t hat 
t he process be i n statistical control . If we tamper with 
the process we may not get to where we want to be. To quote 
an old Ch inese proverb, "If we don't change our direction, 
we may end up where we are heading" (Camp, 1989, p. 273). 
Once the process is in statistical cont rol, one may then 
dec i de on the basis of engineering and economics whether any 
adjustment at all is desired. (Deming, 1986, p. 331) 
E. SELECTING MEAStlREMENT CRITERIA IS A TEAM PROCESS 
Selecting process measurement criterion, for charting 
and controlling, i s a team effort in the total quality 
management control system. Quoting Confucius, "Tell me and 
I forget, Show me and I remember, Involve me and I 
understand. " Employee commi tment [empowerment J, alias 
employee involvement, participative management, 
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building, employee motivation, and sense of ownership 
(Brocka, 1993, p. 138), i s a critical component in total 
quality management control systems. The team concept is 
j ust one way for fostering employee commitment. 
Additionally, a team can combine individual talents and 
abilities to become an effective and cohesive unit that is 
ahle to conquer otherwise insurmountable problems. 
Before s e ' ~cting measurement criteria it is a good i dea 
for the team t o review the organization's mission and vis i on 
s t atements. The are a number of processes a team can use to 
selecting the right process to measure and control. HOW a 
team selects what to measure is discussed in section H of 
this chapter. 
F. CATEGORIES OF MEASUREMENT CRITERIA 
There are essentially two categories of measurement 
cri teria: vert ical and horizontal. Vertical measurement 
cri teria are those used in evaluating the performance of an 
organization as a Whole, such as production, marketing , 
purchasing, personnel, or financial. Horizontal measurement 
criteria are those used for the evaluation of processes. 
A process may begin and end in one department or 
division, or it may involve numerous other departments or 
divisions either internal or external to the organization, 
such as customers and suppliers. In either case, it nee ds 
horizontal measurement criteria. (Globerson, 1991, p. 31) 
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Hori zontal measurement criteria may further be 
subdivided i nto process and resource measurement criteria . 
Resource measurement criteria dea l primarily with equipment, 
infra -s t ructure, cap i tal, and are usual l y l imited t o the 
organization. Process measurement criteria are not lim i ted 
t o the organization. 
FACTORS AFFECTING MEASUREMENT CRITERIA 
The li st of feasible measurement criteria is infinite, 
however, it can be reduce to a manageable number by 
c o nsidering certain factors. 
Factors that must be considered are: the customer's 
wants and needs, the organ i zation's objectives, c larity of 
purpose, obj ecti vi ty, reliabili ty of measurements, 
calculation methods, and does the criteria measure what you 
want it to measure (G l oberson, 1991, pp. 39-42). 
The customer is the ult i mate judge of quality (Imai, 
1 986, p. 207 ) . Hence, establishment of process measurement 
criteria wil l always beg i n wi th the customer. The total 
quality management control system will aid the organ i Zation 
in reaching its goal of meeting and exceeding the customer's 
needs and give the c ustomer a product that has lasting 
value. (Scholtes, 1991, p. 1-11) . Focus i ng on the 
customer's needs i s the greatest factor affect i ng 
measurement criteria. customers are not always external, 
customers can also be int ernal to the organi zation. 
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The ob j ectives of an organization must support the 
mission and vision statements. If an organization's 
objectives are not in harmony with its mission and vision 
statements, it will be impossible to pursue and obtain 
improvement in any process. Measurement criteria must 
support the organizational objectives which in-turn must 
also support the organization's mission and vision. 
Cla r i ty of purpose is very important to the selection 
process. If the purpose of the criteria cannot be 
quantified then the interpretation of the measurement will 
be meaningless. For instance, the criteria, high morale, 
cannot be quantified without further clarification. Precise 
and measurable criteria such as tardiness, absenteeism, and 
employee turn-over rates must be used. 
Total quality management control systems require 
objective and reliable data for decision making. If data is 
subjective, the decisions based on that data will most 
likely be in-efficient. Selected measurement criteria must 
be objective and relevant to the process. 
Measurement criteria are often chosen for the wrong 
It will be tempting to choose measurement criter i a 
that are easily gathered and measured, however, the most 
easily accessible criteria may not contribute to improving 
the process, and, i n fact may cause dec i sions to be made 
that will be detrimental to the process. For instance, 
imagine a customer service hot line where the measurement 
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criteria is how quickly the calls are handled. On a control 
chart it may appear as if all is wel l , but a customer who 
receives a quick and un-polite answer might perceive it 
different l y. 
SELECTING AND PRIORITIZING CRITERIA 
The first step in selecting and prioritizing measurement 
criteria for a specif i c process is creating customer, 
supplier, and employee involvement .. All customers, 
suppliers, and employees, no matter how close or d i stant to 
the process, may have ideas related to improving the 
process. These ideas will form the initial l ist of 
potential measurement c r iteria. 
After the initial list has been compiled, it should be 
given to the process improvement team for that specific 
process. The process improvement team considers al l the 
factors affecting the initial list of measurement criteria 
and generates a refined initial list of measurement 
criteria. 
Finally, the process improvement team should apply the 
rule of seven, further reducing the refined initial list to 
approximately seven re l evant process measurement criteria. 
This can be accomplished by having each team meJ!\ber assign a 
numerical weight to each of the measurement criteria and 
then calculating a weighted average for each criteria on the 
list. The seven criteria with the highest averages are used 
for used for process measurement. (Globerson, 1991, p. 44) 
I. SETTING STANDARDS FOR CRITERIA 
Once an organization has determined which measurement 
criteria it will use to evaluate a process, it must then set 
specific measurement standards. Upper and lower statistical 
control limits must be established for each measurement 
criteria. There are various methods for setting these 
standards, however, the choice of method is greatly 
dependent on the nature of the organization and the process. 
(Globerson, 1991, p. 53) 
For the military, the standards are often contained in 
military specifications or other regulatory requirements but 
the bottom line is "what does the customer want and need. to 
Hence, mi1specs or other written standards in and of 
themse1 ves are not enough for setting standards, the team 
must have customer, supplier, and employee input . 
J. USING STANDARDS , 'OR MEASUREMENT CRITERIA 
Often, there is a gulf between the expectations of an 
organization and reality. It will be tempting to close this 
gulf by placing additional pressure on the creators . 
Quoting Dr. Deming, "you can beat a horse and make him run 
faster, for a little while." (Deming, 1991) 
17. 
In the t o ta l quality management control system, 
standards for measurement criter i a are used for process 
improvement not for beating the horse. standards for 
measurement criteria can be used to support performance 
agreements between managers and creators. A performance 
agreement is not a job descr i ption. It is, however, a win-
win contract estab l ished through a process of synergistic 
communications between managers and creators to aid in 
focusing on both the organization's and individual's mission 
and vision. (Covey, 1992, pp. 206-208) 
K. MEASURING CRITERIA 
A major problem in any management control system is that 
data collection often is not considered to be productive 
work. It is frequent l y viewed as extra or not part of the 
necessary activities of an organization. Consequently, the 
task of data collect i on is often the first to go when 
organizations become constrained by money or time. Thi s is 
true even though the lost information may have pointed the 
way to more effective operations. (Globerson, 1991, p. 74) 
Because of this, data collection in a total quality 
management control system must be considered an i ntegral 
part of each process improvement team's tasking. The use of 
computers will greatly reduce the labor required and improve 
the accuracy of calculations. 
Any manager [or process improvement team] should plot 
points for activities of interest that have been decided 
llPon (Deming, 1992, Appendix 18). The following examples 
are not all-inclusive but represent a sampling of areas in 







Waste or Scrape 
Travel Cost 
L. TOOLS FOR MEASURING CRITERIA 
The total quality management control system requires 
tools for measuring. There are a large number of available 
tools, but this thesis has focused only on the seven basic 
statistical tools presented in Chapter V. For a more 
comprehensive presentation and examination of statistical 
tools the readers is referred to Scholtes' Team Handbook, 
Chapter II and Ishikawa's guid>- to quality control. 
There are numerous measurable and not-so-measurable 
cri terion. Whi Ie the measurements themselves are physical, 
what they measure can he either physical, l ogical, or 
emotional (Scherkenhach, 1991, p. 142). Process measurement 
criterion might deal with people, methods, material, 
equipment, or environment. Therefore, the required tool 
will vary with the process and criteria being measured. In 
either case, the main purpose of a tool is to visualize the 
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process in order to p i npoint the problem so that the causes 
can be i solated and solutions worked out. Tools also 
provide a way t o evaluate proposed changes . (Schol t es, 1991 , 
p. 2-18) 
The tools used for process improvement may appear 
deceptive l y simple. But most teams wi l l need a 
statistici an's he l p in the early stages t o choose the 
appropriate too l s and know when and how to use them 
(Scholtes, 1991 , p. 2-1 8). 
M . APPLICATION AND USES OF THE SEVEN BASIC TOOLS 
Befor e one c an attempt to improve a process they must 
have stabl e statis tical control over that process. In the 
fo llowing scenario it will be demonstrated, using the Deming 
Plan-Do-Check-Act (POCA) cyc l e, and the appropriate tools, 
one method for establishing statistical control over a 
spec i fic proces s. At this point, it is important to 
remember that removal of spec i al caus es to br i ng a system 
into statistical control is not process impro vement. 
Process i mprovement is difficult and complex but its a i m is 
simple, shrink the gap between the upper and lower contro l 
limi t s (Deming, 1986, p. 338). By estab l ishing and using 
measurement criteria one can ident i fy common causes and take 
the appropriate actions to narrow the gap between the upper 
and lower limits of the contro l chart. 
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Although there are a number of methodologies that might 
be used for solving a given problem, the King six step 
method will be discussed here (King, 1989, p. 3-3). This 
method involves a sequential progression through the Deming 
PDCA cycle. 
Suppose that Southern Expose' (SE) is an old line retail 
company that sells a b road range of consumer goods to a 
homogenous population of graduate students attending the 
nation's most prestigious mil i tary postgraduate school. 
SE'S mission is to provide quality goods at affordable 
prices, to have in stock the right merchandize at the right 
time, and to provide qui ck and friendly service. SE'S 
vision is to win the prestigious Golden Smile award for 
being the best retail outlet in the entire system. SE uses 
a total quality management control system. 
In an effort to improve customer service, the store 
manager mailed a number of survey forms to the residents of 
campus housing. These survey forms were designed t o be 
easily completed in just a few minute' Additionally, self-
addressed stamped envelopes were also Jrovided for the 
customer's convenience. Basically, customers were asked to 
choose one of six possible areas fo r improvement. 
After the forms were returned to SE, the process 
improvement team assigned to this project proceeded as 
follows: 
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Step one, decide wh ich customer service initiat i ve to 
address first. Using a Pareto chart, the process 
improvement team was able to ascerta in that the number one 
customer concern was l ength of check-out lines and the time 
lost wai tinq in 1 ine . 
step two, describe the selected problem in specific 
terms, what I when, where, and to what extent. Once the 
specific problem has been described, the process improvement 
team may used a run chart, for trend analysis. Using the 
information from the run chart the team concluded that the 
problem only exist at certain times of the day and only on 
certain days. 
Step three, frame the problem and all possible causes. 
Using a fishbone diagram, the process imprOVement team 
grouped all potential causes (methods, machinery, personnel, 
or materia l ) by categories. 
Step four, pinpoint the most probable cause. After 
having framed the problem, the team gathered more specific 
data relevant to the problem. Using this data (such as 
required number of cashiers for projected number of 
customers ) and a scatter diagram, they identified the basic 
cause to be a shortage of cashiers at peak hours (eg; l unch 
or immediately following the last bell on campus). 
Step five, develop and implement a solution. The 
process improvement team had al l the information needed to 
design and implement a solution. In this scenario the team 
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chose to cross train floor clerks as cashiers to operate 
cash register during the peak periods. 
step six, monitor the solution. The control chart is 
the tool most used for establishing and maintaining 
statistical control over a given process. The information 
on the control chart is the process talking to us (Deming, 
1986, p. 333). A control chart tells us where a stable 
system is today and where it will be next week or even next 
year. control charts are also used to maintain statistical 
control of a process that is already stable (Deming, 1986, 
p. 337). In this scenario the process improvement team used 
the control chart to gain statistical control over the 
process and then they continued to monitor it to maintain 
that stability. 
N. StJMMARy 
In this Appendix it was presented, with exegesis as to 
their significance, information that must be considered when 
implementing measurements in a total quality management 
controJ system. It was illustrated that in a total quality 
management control system, managers and creators measure to 
control. Factors that affect measurements and the selecting 
of criterion standards for measurement control were also 
discussed. The Appendix was closed with a presentation of a 
fictional application of the seven basic tools. 
APPENDIX B 
LETTER OF INTRODUCTION FOR INITIAL ENTRY 
Mr. Pat McMahon 
ACUSON Corporation 
1220 Charleston Rd 
Mountain View, CA 94039 
Dear Mr. McMahon, 
SMC 1600 
Naval Postgraduate School 
Monterey, Ca 93943 
October 25, 1993 
Per our discussion. I am submitting the following introduction prior to our scheduled 
meeting 
My colleague and I are graduate students at the Naval Post Graduate School (NPSl. 
Monterey, CA. in the Financial Management curriculum, We would like to conduct a case 
study of ACUSON'S Management Control System (MCS(. We bel~ve that ACUSON'S MCS 
promotes initiative and creat ivity allowing ACUSON to explore new opportunities through an 
empowered work force . During these times of austere defense budgets it is imperative that 
military managers be effective and efficient in the conduct of their duties. We believe that 
ACUSON has a proven and successful MCS from which our respective services (Israeli Air 
Force and U. S. Navy) may learn much, ACUSON'S MCS w il l provide valuable insight for 
the Quality Focused Military Manager 
Lieutenant Colonel Cohen is a pilot in the Israeli Air Force. He has twenty years experience 
in combat aircraft , mostly the Cobra gunship and of late the Apache helicopter, Colonel 
Cohen commanded two combat squadrons before assignment to NPS, After graduating 
NPS in June 1994, he wi ll be promoted to full Colonel and posted to the Israeli Air Force 
headquarters. 
Lieutenant Commander Haney is a Supply Officer with twenty-six years naval experience 
(twelve years commissioned experience in Logistics and Finance and fourteen years 
experience as an enlisted Electrical /Electronics Technician on naval aircraft). Before 
reporting to NPS LCDR Haney was the Supply Officer (Supply Department Headl onboard 
the USS EI Paso, a Combat Cargo Ship, where he was instrumental in beginning Dr 
Deming' s Total Quality Management style , LCDR Haney will transfer to Washington, D,C. 
for duty upon graduating NPS in June 1994 
We sincerely appreciate the consideration you have given our thesis project, We look 
forward to meeting you 9 Nov, at 2 pm, Our respective telephone numbers are; NPS FAX 





CASE STUDY INTERVIEW FORM 
Department: 
Creator (optional): 
A. introduce ourselves: 
Students NPS, US Navy and IAF. 
2. Conducting research on management control systems. 
). ACUSON selected as model for case study. 
4. Promise of Confidentiality: Unless specificly 
authorized by the interviewee, no information divulged in 
this interview will be transferred or given to any other 
person in or connected with ACUSON corporation. The only 
information that will be PUblished, and made available to 
ACUSON corporation, is a general summary of everyone's 
answers. 
B. Job description: 
C. Question regarding shared vision and values. 






Who set this vision and va l ues? 
). Were your inputs incorporated in the 
organization's mission and vision statements? 
D. What is your product? 
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Questions regarding customers. 
1. Who is/are your customer (s)? 
2. Do you know your customers personally? 
3. How do you know if your customers are sati sfied? 
4. What kind of feedback do you have from your 
customers? 
Do you measure this feedback? Why? How? 
6. What do you do with these measurements? 
7 . Who are the ultimate customers of Systems 
Manufacturing? 
8. Who are the ultimate customers of ACUSON? 
F. Questions regarding suppliers. 
1. Who is/are your suppliers(s)? 
Do you know your suppliers personally? 
J. How do you know if your suppliers are satisfied? 
What kind of feedback do you have from your 
suppliers? 
Do you measure this feedback? Why? How? 
6. What do you do with these measurements? 
7. Who are the primary suppliers of System 
Manufacturing? 
Who are the primary suppliers of ACUSON? 
Questions regarding measurements. 
1. What do you measure in your job? 
HoW do you decide what to measure in your job? 
3. How do you measure it? 
4. Do you have numerical goals and objectives? 
5 . Who sets your numerical goals and objectives? 
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6. If you have numerical goals, what happens if you 
don't meet them? If you exceed them? 
7. Is your performance being measured? 
8. Who measures your performance? 
9. How is your performance being measured? 
Are suggestions encouraged and are they measured? 
11. What other criterion are being measured (morale, 
absenteeism, accident, etc)? 
12. Other than the goals mentioned above, do you have 
other goals and objectives? If so, who sets them? 
Are they aChievable goals? If not, why? and What 
happens if you exceed them? 
H. Questions regarding processes. 
1. Is the process for which you are in-charge being 
measured? 
2. Who sets the goals and objectives for this 
process? 
How is the process measured? 
What happens if the process does not meet assigned 
goals and objectives? 
I. Questions regarding setting strategies. 
1. What is ACUSON'S strategy? 
Does it fit ACUSON? 
3. Is it implemented? 
How and who sets this strategy? 
5. What do you, personally, think about thi s 
strategy? 
J. Questions regarding procedures. 
1. Is your job or process documented? 
2. Is the documentation accurate? 
3. Who writes the documentation? 
Can you change the documentation? 
5. If you want to change a procedure I how long does 
it take to update the documentation? 
K. Questions regarding individual evaluations. 
1. How are you evaluated? 
2. Do you feel you are evaluated fairly? 
L. Questions regarding control of information. 
How do you coordinate activities with your 
customers? 
2. How do you coordinate acti vi ties with your 
suppliers? 
If you have a problem with a preceding or 
subsequent process, who do you talk to about it? 
4. If you see something wrong within the company, do 
you communicate it? If so, to whom? How? 
M. Questions to managers. 
What are the criterion you use to measure ASM each 
month? 
2. Do you feel that these criteria are the most 
important cri teria? 
). How do you feel about your authority and 
responsibi 1 i ty? Do you have enough freedom to 
make decide? 
How are you evaluating your team members? Can we 
see an evaluation report? 
5. Did you participated in the restructuring or 
layoff process? 
What did you do about the recent survey results? 
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